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To provide a genuine local source 
of products that will keep you 


competitive, Fujitsu has 


committed to major investments 
in VLSI design, European-based 


manufacturing facilities and people. 


ASIC design centres in Manchester, 


Maidenhead, Frankfurt, Munich, 


Paris, Zurich, Copenhagen, Milan 


and Eindhoven have been 


FUJITSU— 
REFLECTING THE NEEDS OF 
EUROPEAN INDUSTRY 


established to reinforce Fujitsu's 
long and successful partnership 


with European industry. 


Our newly expanded VLSI Design 
Centre in Manchester develops 
ISDN, telecomms and complex 
ASIC products designed 


specifically for European standards. 


The latest phase of our current 
European investment programme 
is a state-of-the-art water 


fabrication plant. 


Ask for our ASIC capability 
brochure and see how Fujitsu's 


European presence can work 


| FUJITSU 


for you. 


DRAM DSP MICROPROCESSOR 


MICROPROCESSOR 


NETHERLANDS: Fujitsu Benelux, Europalaan 26A, 5623 LJ Eindhoven. Phone: (040) 447440. Telex: 59265. Fax: (040) 444158. SCANDINAVIA: Fujitsu Microelectronics Ltd., 
Torggatan 8, 17154 Solna. Phone: (8) 7646365. Telex: 13411. Fax: (8) 280345. UNITED KINGDOM: Fujitsu Microelectronics Ltd., Hargrave House, Belmont Road, Maidenhead 
Berkshire SL6 6NE. Phone: (0628) 76100. Telex: 848955. Fax: (0628) 781484. 
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GERMANY: Fujitsu Mikroelektronik GmbH, Lyoner Strasse 44-48, Arabella Center 9. OG 6000 Frankfurt 71. Phone: (069) 66320. Telex: 411963. Fax: (069) 6632122. Fujitsu 
Mikroelektronik GmbH, Carl-Zeiss-Ring II, 8045 Ismaning. Phone: (089) 9609440. Teletex: (17) 897446. Fax: (089) 96094422. Fujitsu Mikroelektronik GmbH, Am Joachimsberg 
10-12,7033 Herrenberg, Phone: (07032) 4085 Fax: (07032) 4088. FRANCE: Fujitsu, Immeuble Le Trident 3-5, Vole Félix Eboué, 94024 Creteil Cedex. Phone: (1) 42078200. 


Telex: 262861. Fax: (1) 42077933. ITALY: Fujitsu Microelectronics, Italia S.R.L. Centro Direzionale Milanofiori, Strada 4—Palazzo A 2, 1-20094 Assago (Milano). 
Phone: (2) 8246170/176. Telex: 318546. Fax: (2) 8246189. 
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Ziatech’s NEC V50-based single board computer, the 
ZT 8816, packages the features of several STD boards into a 
unique, dual-sided surface-mount design. The ZT 8816 
tackles demanding industrial applications with a 16-bit 
data bus, an 832K on-board memory capacity, a real-time 
battery-backed clock, AC/DC power-fail protection, DMA 
controller, an interrupt controller, two serial channels, and 
three counter-timers. 


For the rest of the story... 


| Free Technical Brochure 
Call today for the ZT 8816 Technical Data Sheet and the 24- 
page STD DOS Technical Brochure. With more information 
on what the ZT 8816 can do for your industrial application, 
| you may start seeing the Ziatech side of the story. 


(805) 541-0488 
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The ZT 8816 is more than just the most advanced STD Bus 
computer hardware on the market today. It is designed to 
operate PC DOS or ROM-based user programs such as the 
VRTX multitasking kernel. Development tools are available 
to provide a large range of target system software architec- 
tures. STD DOS V50 on the ZT 8816 delivers IBM AT per- 
formance and compatibility with optional networking, 
EGA video, disk and bubble memory subsystems, multi- 
processing, and a device driver library. Ziatech’s exclusive 
Virtual System Console supports easy development 
through a host PC by transparent resource sharing. 
CORPORATION 


3433 Roberto Court 

San Luis Obispo, California 93401 USA 
ITT Telex 4992316 

FAX (805) 541-5088 

Telephone (805) 541-0488 


ZIATECH 


ME M B E R 


STD MANUFACTURER'S GROUP 
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And maybe most 
extraordinary of all is its 
availability from every 
Bourns distributor. You see, 
this small, inexpensive trimmer 
is already available off-the-shelf 
from: Hamilton/Avnet ¢ TTI 
Schweber ¢ Pioneer « Hall-Mark ~ 
Radio Electronics Service Company 
JMar Electronics e ITT Components 
Gerber Electronics. 

No matter how you measure it, Bourns 
3304 comes out on top. Extraordinary. 


THERE’S STILL NO EQUIVALENT 


Bourns, Inc., 1200 Columbia Avenue, Riverside, California 92507; 
(714) 781-5500; European Headquarters: Zugerstrasse 74, 6340 Baar, 


Switzerland: 042-333333; Benelux: 070-874400; France: 01-40033604; - 


Germany: 0711-22930; Ireland: 021-357001; United Kingdom: 
0276-692392; Asia Pacific Headquarters: 1401 Citicorp Centre, Ss 
14th Floor, 18 Whitfield Road, Hong Kong: (852) 5-702171; ee Ww 
Singapore: (65) 339-3331; Korea: (82) 556-3619; 
Japan Headquarters: 2nd Floor, Time 24 Building, 


#35 Tansu-cho, Shinijukuku, Tokyo, 162, — 

Japan: (03) 260-1411 - 
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With Wavelest? you 
can build the most 
complex GPIB test 

programs, using the 


simplest of methods. 


gs Because Wavelest 
writes all the 
programming code for you. 
It even prepares the documenta- 
tion, complete with flow charts. 
You simply stack one block on 
top of another. 
A block could be a data 
gathering operation, a FOR...NEXT 
loop or branching decision. 


In other words, each block is the 
equivalent of many lines of code. 
Only you don't have to write it! 

A block can also represent one 
of your instruments at a certain 


output, or taking a measurement. — 


More than 100 makes and models 
of instruments are provided, and 
you can always add more. 
Wavelest runs under Microsoft® 
Windows, so rearranging a test or 
adding steps is child’s play. Just 
use the mouse to point at the 
blocks, pick them up and put 
them where you want. The code is 
automatically rewritten. 


© Copyright 1989 Wavetek Corporation / WaveTest is a registered trademark of Wavetek Corporation / Microsoft is a registered trademark of Microsoft Corporation 


Circle 105 for Literature 
Circle 106 for Demonstration 


Since you won't have to 
spend months figuring out GPIB 
command strings and writing 
code, you'll be able to spend your 
time developing better tests—or 
better products! 

There are other software 
programs out there to control 
instruments, but when it comes to 
writing a test program, they just 
don’t stack up to Wavelest. 

Call us today at (619) 279-2200 
and we'll prove it to you. 


WAVETEK: 


Why smart companies buy 


PCB CAD by the numbers. 


If you’re a PCB design 
engineer or engineering 
manager who’ about to 


schematic, improving 
speed and accuracy. Pow- 
erful add-on modules like 


invest ina PCB CAD sys- Digital Design Lab for 
tem, it pays board level 
to look at simulation, 
the numbers = 9 1 | Thermal 
very Care- Analysis, 
fully. When P-CAD is number one in Analog and 
you do, you'll customer satisfaction* Digital 
find that Simulators 
no one else has numbers help you perfect your 
like P-CAD® board before you build it. 
Customers rate Our new 100% completion 
P-CAD number one for Rip-N-Route™ option, 
satisfaction because they included with our Total 
know with P-CAD they’re Route™ system, minimizes 


never alone. Our out- 
standing technical support 
includes 19 training 
centers, a technical sup- 
port center and hot line, 
user groups and a 24-hour 
electronic bulletin board. 
Plus personal assistance 
from technical field repre- 
sentatives in over 100 


vias and allows you to fine 


With P-CAD you have it all: surface-mount technology, analog, curved 
traces, trace hugging, polygon voids, trace plowing and much more. 


PCB design system on any 
platform. That's why over 


Any way you look at 
the numbers, they’re 


tune routing impressive. 14,000 installations are 

on-the-fly. P-CAD hard at work today slash- 
Every- 10 | yA accommo- ing PCB design times 

thing about ie dates the around the globe. So be 

P-CAD Your complete end-to-end largest sure that the industry 

is fully PCB design solution. designs: up _—|~_ standard for PCB design is 

integrated. to 1300 com- on your side. Call toll free: 


You go from schematic 


ponents, 32,000 pins, 100 


1-800-523-5207 


to simulation, verifi- layers and a full 60" 60” 


(in CA 1-800-628-8748) 


locations cation and board size. They all add 

world-wide. routing, up to the highest per- for your free fact book. 
P-CAD | O00) right up to formance 

users also manutfac- : 

know that The world’s largest installed ture froma AO Nlost 

hitting the Ee Oras CeSien single Bes Learn the vu th abou f 

market faster database 


with more manufacturable 
boards will make them 
Number One. We get 
them there with the high- 
est quality 100% end-to- 
end PC-based PCB design 
system. Starting with a 
huge 6000-part library, we 
incorporate layout infor- 
mation right into the 


with a single user inter- 
face. A wide open 
architecture lets you inte- 
grate with MICRO 
CADAM® mechanical 
design, and drafting sys- 
tems like AutoCAD® 
plus publishing software 
like Ventura® and 
Interleaf.® 


ts PCB CAD, Free. 


Call toll free for your copy of Answers to 
the Most Commonly Asked Questions 
on PCB CAD. You'll get straight talk on 

over 100 tough PCB CAD issues and see how 

we can put our numbers to work for you. 

P-CAD, 1290 Parkmoor Ave. 

San Jose, CA 95126, USA p-Cc -cad 

(408) 971-1300, Fax (408) 279-3752 A CADAM COMPANY 


P-CAD is a registered trademark and Rip-N-Route is a trademark of Personal CAD Systems. MICRO CADAM isa trademark of CADAM Inc. Ventura is a registered trademark of 
Xerox Corporation. Interleaf is a registered trademark of Eastman Kodak Co. AutoCAD is a registered trademark of Autodesk. Inc. Copyright P-CAD 1989. 
*Based on an independent CAE/CAD industry survey. 
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ELECTRONIC TECHNOLOGY FOR ENGINEERS AND ENGINEERING MANAGERS 


SPECIAL REPORT 


Graphics environments 152 


A standard graphics environment for open systems would enable 
software vendors to develop application code that is portable across 
heterogeneous systems. Many believe that evolving standards will 
meet portability goals and provide a common look and feel across 
applications. Maury Wright, Regional Editor 


American engineers in Japan: 59 
Same profession, different world 


This article is the first of two stories about American engineers 
living and working in Japan.—Gary Legg, Special Projects Editor 


On the cover: Graphics-environment 
standards are the key to any hope of 


application software portability among DESIGN FEATURES 


different systems. No single standard 


yet exists, and you must choose a Troubleshooting analog circuits 171 
graphics environment with care. See the Part 12 


Special Report, which begins on pg 152. 

(Photo courtesy Open Software In any serious troubleshooting situation, planning what tests are 

Foundation Inc) i ; ; 
most likely to give you the answer quickly, rather than charging 
off in random directions, is usually wise. Intermittents are the 
toughest, most frustrating kind of troubleshooting problem. 
—Robert A Pease, National Semiconductor Corp 


Rate-monotonic scheduling ensures 19] 
tasks meet deadlines 


Traditional approaches to creating multitasking systems can 
force you to overdesign hardware to ensure that all critical software 
tasks will meet their hard deadlines. Rate-monotonic scheduling 
lets you guarantee that all tasks will meet their deadlines and 
that an overloaded system won’t crash.—Lee Silverthorn, 

DDC-I Inc 


Ease bar-code-reader design 203 
by using 8-bit A/D converters 


Standard bar-code readers are expensive, but you can cut costs 
significantly and ease the design of these devices by combining 
modern A/D converters with a photodiode array. 


—Richard Markell, Linear Technology Corp Cid rai e 
0 Ue 
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Announcing the 
AMM2000 AUTOMATIC MODULATION METER 


A portable light weight instrument for field or bench use. 
Uncompromisingly capable. Competitively priced. 


ABRIDGED SPECIFICATION 


AM 
Maximum level: 99% 
Modulation rates: 10Hz to 75kHz 


FM 
Maximum deviation: +500kHz peak 
Modulation rates: DC/10Hz to 300kHz 


PM 
Maximum deviation: +500rad 
Modulation rates: 50Hz to 15kHz 


Carrier frequency 
Range: 250kHz to 2:4 GHz 
_ Sensitivity: Eras ont —20dB (2GHz) 


_ Carrier level - 
_ Range: —6dBm to +20d8m_ 
Resolution: 01dB - | 


_ AF counter . 
Range: 50Hz fo 300kHz 
/ Resolution: O“HzZ 


AF distortion 
Frequencies: 300Hz, 1kHz 
Accuracy: +1dB 


AF voltmeter 

Level: 10mV rms to 10V rms 
Bandwidth: 50Hz to 100kHz 
Accuracy: +1dB 


General 

Level display modes: Abs, Re!l% or 

GB, pk hold 

Detection modes: +pk, —pk, ok—pk/2, 
rms, V2 rms 

Post detect filters: CCITT P53A, 

CCIR 468-3 


Memory: 100 panel set ups : 
Remote program: GPIB and RS-232-C 
Power: 90-264V ac, 11:5V dc, 30VA 
Reverse power protection: 25W 
Dimensions/weight: 145H x ee x 
A405D, 9kg 


Options 

A: 23-30V dc input 
C: Rechargeable 4Ah add-on battery 

pack 

E: Rack mounting kit : 
F.RFoutputonrearpanel 
G:Paddedcarryingcase _—T 
O: High stability frequency referenc 
@: Distortion measurement _- 
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Current-feedback op amps 211 
extend high-frequency performance 


Op amps that use current-feedback topology offer significantly 
higher gain-bandwidth and slew-rate performance than do 
conventional op-amp designs. Unique to the current-feedback 
design is its relatiyely constant bandwidth over a wide range of 
closed-loop gain.—James Wong, Precision Monolithics Inc 


The reports of in-circuit emulation are | 

greatly exaggerated. In fact, emulator TECHNOLOGY UPDATES 

manufacturers are confident that they : : : 

can handle anything chip designers In-circuit emulation: 73 


generate (pg 73). ICs and tools tame tough technology 


High-performance Ps were poised to kill in-circuit emulation, 
but new design techniques for both the chips and the instruments 
have given this vital debugging technique a new lease on life. 
—Dan Strassberg, Associate Editor 


DMA controllers: 95 
Adding DMA to other functions boosts speed 


You get improved performance, reduced cost, and a simplified 
design when IC designers integrate DMA controllers with other 
devices.—Steven H Leibson, Senior Regional Editor 


Design frameworks: 115 
CAD tools aren’t yet on speaking terms 


Despite the fact that CAD vendors recognize the importance of 
design frameworks to their customers, the frameworks don’t yet 
have the flexibility to let you choose the tools and methodology 


EDN magaz ine that best suit your needs.—Michael C Markowitz, Associate Editor 


now offers 
Express Request, 
a convenient way 
to retrieve product 


Show preview: 132 
Current technologies go on stage at Wescon 


San Francisco, the City by the Bay, is the venue for the 38th 


information by annual Wescon show, where you can evaluate products, polish 
phon e. See the your technical knowledge, make contacts, and keep up with current 
Reader Service trade issues.—Kathleen Vejvoda, Associate Editor 

Card in the front Connie’ 2 Oe © 


for details on how 
to use this free 
SErvIce. 


Cahners Publishing Company, A Division of Reed Publishing USA 1) Specialized Business 
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INTRODUCING A 


COMPANY FULL OF 
LIGHTWEIGHTS. 


CP-3200 (210Mb) 


At Conner Peripherals we take the business 
of building world-class hard disk drives anything 
but lightly. 

But it seems that the more we’ve met the 
demands of major system manufacturers for advanced, 
high performance 31" drives, the less they’ve 
wanted from us. 

Less moving parts to break down. Lower power 
consumption. Less height to accommodate smaller 
form factors. And lighter weights to meet the 
needs of today’s new breed of personal computers. 

Conner has responded with a complete line of 
32" drives offering a wide variety of performance 
options to meet the needs of any system. From an 


CP-3100 (100Mb) 


©1989 Conner Peripherals, Inc. 
ultra-light laptop to an ultra-powerful workstation. 

It’s the kind of product line that inspires our 
customers to push their advanced generation designs 
to the limit. Capacities from 20 to 210 megabytes. 
PC/AT or SCSI interfaces. Power requirements as 
low as 2 watts. Access times as low as 
19 msec. In packages as slim as an 
inch high. 

It all adds up. When you design 
and build with a Conner hard drive, 
you're in heavyweight company. 
Call Conner today, and see what 


kind of future we can LCONNESZ 


build for you. 


San Jose-World Headquarters: 408/433-3340 * FAX: 408/433-3303 * Boston: 508/660-1088 * Dallas: 214/680-2913 * Los Angeles: 714/455-2777 
Singapore: 65/2845366 * Tokyo: 81/3-597-8321 » European Headquarters: 49/89-811-2097 
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Its an 
Analog 


World. 


Ultimately, all circuits are analog 
circuits. That’s why you should 
step into the analog EDA world of 
Mentor Graphics. 

Here you will find advanced design 
automation that guarantees high quality 
results. Gets you to market sooner. And 

still leaves you time to explore 
creative alternatives. 
Start with AccuSim, 
robust analog simulator that 
consistently converges to a 
correct result—even on designs 
containing thousands of transistors. 

Then turn to AccuParts™ This library 
of more than 2,400 discrete and integrated 
components includes a large selection of 
European and Pacific Rim parts. In fact, 
AccuParts is the most complete and accu- 
rate analog library available. 

With AccuSim and AccuParts, you 
also enjoy full integration with the far- 
reaching Mentor Graphics suite of EDA 
tools. So you have direct links to logic 
simulation, IC and PCB layout, thermal 
analysis and more. 

AccuSim and AccuParts draw you into 
a design environment that is analog at its 
core. So you can depend on the world’s 
EDA leader to keep providing the tools 
and support you need. 

For a brochure on the Mentor Graphics 
analog world, dial this digital, toll-free 
number: 1-800-547-7390. 
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Jo with where you start. 


f there are head starts to be had, they 
ought to be yours. 

That's why AMD has developed more 
solutions than anyone else for making sense 
out of logic and getting you to market faster. 
How? With programmable logic. 


Why we sell more PAL devices 
than all our competitors. Combined. 


We have PAL’ devices that can replace a 
fist full of standard logic. Universal CMOS PAL 
devices that fill a variety of needs. And the 
fastest bipolar TTL logic of any kind. (You don't 


need a calculator to figure out how much time 
that can save. 

Our CMOS Programmable Gate Arrays 
can translate into a six month lead if you 
were planning on designing a gate array the 
conventional way. 

Programmable logic from AMD is sup- 
ported by our own programming hardware 
and software. And more third party tools than 
anyone else. 

From now on, the world will be divided 
into two parts: People who don't use program- 
mable logic and people who get to market first. 


Advanced Micro Devices cl 


For more information write" Programmable Logic” on your letterhead 
and mail to: AMD Mail Operations, PO. Box 4, Westbury-on-Trym, 
Bristol BS9 3DS United Kingdom 


Bruxelles (02-2) 771 91 42 - Geneva (02) 2880025 - Hannover area (0511) 73 60 85 + Hong Kong (5) 865425 
London area (0483) 740440 - Manchester area (0925) 828008 - Milano (02) 3533241 - Munchen (089) 41 14-0 
Osaka (06) 243-3250 « Paris (1) 49 75 10 10 + Seoul (02) 784-7598 +» Singapore (65) 348 1188 - Stockholm (08) 733 03 50 
Stuttgart (0711) 62 33 77 + Taiwan (02) 7213393 + Tokyo (03) 345-8241 
Latin America, Fort Lauderdale, Florida/U.S.A Tel: (305) 484-8600 Tlx: (510) 955-4261 amd ftl 
© 1989 Advanced Micro Devices, Inc. PAL is a registered trademark of Advanced Micro Devices, Inc. 
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The world’s 
technology 


OKI 


ELECTRONIC DEVICES 


OKI SYSTEM TECHNOLOGIES. 


Sub-micron production in full swing, bringing the new age of 
4M DRAMs 

Oki’s Miyagi Plant, benefitting from the latest advances in the company’s 
system technology, has already reached mass production and shipment of 1M- 
bit memories and has recently begun quantity production of 4M DRAMs. At 
the Miyagi Plant, broad utilization of ultra-fine process technology and state- 
of-the-art automation combine to assure the high quality of these products. 
Oki ts already well underway with technological innovation enabling produc- 
tion of 16M-bit memories. 


High-level automation with ultra-fine process production 

Ok1’s 0.8 process technology used in its second-generation 1M- and 4M- 
bit memories has been integrated into one of the world’s most advanced pro- 
duction lines for reliable mass production of over 20,000 6-inch wafers per 
month. 

In 1988 Oki led the world with the first facility dedicated for production of 
sub-micron devices. Today that lead is being extended with the latest advances in 
automated manufacturing, such as sophisticated wafer tracking systems for improved 
quality and production control monitoring. 

From the transportation system, driven by linear motors, to individual pro- 
duction equipment in each process machine group, all are computer controlled. 
To assure products of extremely stable quality, automation and every detail of 
the production environment: ate maintained at the world’s highest levels. 


High performance and packaging flexibility support customers 
in a wide range of apphcations 

Oki’s Advanced System Technologies are dedicated to total customer satis- 
faction. A comprehensive service system provides flexibility, quality, cost sav- 
ings and quick turn-around times. 


= 


Oki's Miyagi Plant, featuring world-standard process technology and automation. 


Oki Electric Industry Co., Ltd. Oki Semiconductor Group 
Electronic Devices Group 785 North Mary Avenue, Sunnyvale, 
Overseas Marketing Group CA 94086, U.S.A. 

75-25 Nishishinjuku, Shinjuku-ku, w Tel: 408-720-1900 mi Fax: 408-720-1918 
Tokyo 160, Japan m Telex: 296687 OKI SUVL 

@ Tel: 3-5386-8100 mi Fax: 3-5386-8110 


ag lees ise caeaae Oki Electronics (Hong Kong) Ltd. 
Oki Electric Europe GmbH Suite 1801-4, Tower 1 

Hellersbergstr. 2, D-4040 Neuss 1, China, Hong Kong City, 33 Canton Road., 
West Germany TST. KLN, Hong Kong 

m@ Tel: 2101-15960 wm Fax: 2101103539 =m Tel: 37362336 =m Fax: 37362395 

m Telex: 8517427 OKI D m Telex: 45999 OKI HK HX 


OKI 


Oki Electric Industry Co., Ltd. 
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The smart choice in board testing 


The L350 combinational board tester. | 


Now there's a combinational board tester that helps you 
test the most challenging VLSI technologies — from high- 
speed VLSI and ASICs to mixed signal and scan. The 
L350 has 20 MHz digital, SuperFast Analog,™ and auto- 
mated boundary scan testing. And over 3,000 test pins. 

What’s more, you don’t have to be a programming 
whiz to get great test results. The L350 has expert soft- 
ware that reviews PC board testability before you com- 
mit to artwork. Its advanced knowledge base generates 
accurate, repeatable in-circuit and cluster tests. And it 
analyzes test results, providing one clear repair mes- 
sage per fault. 
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The L350 gives you smart hardware too, with multi- 
ple dedicated processors for highest analog and digital 
throughput. Now, in thirty seconds or less, you can 
get 100% interconnect coverage, 100% device cover- 
age, and 100% pin-level fault coverage on dense, com- 
plex boards. Just the answer for automated and JIT 
manufacturing. 

Best of all, using the L350 with our BoardWatch’ test 
quality management software is a very smart business 
strategy. Because by finding VLSI faults fast, diagnos- 
ing them accurately, and using the information to 
eliminate defects at their source, youll get new, 
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advanced products to market more efficiently. 

With brain power like this, even difficult test prob- 
lems become easy to solve. You'll start testing fast 
with low operating costs and highest circuit board 
yields at system assembly. 

So if you're thinking about a new combinational 
tester, make a smart call. Contact Daryl Layzer at 
617-482-2706, Ext. 2808 for more information 


about the new \ 
issavisi ~% NT \ 
Board Test 


System. 
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lest development today: 


The write way 


THEN ERROR PCI 


Sa 


ST 1SC, TIMEOUT) 
ERR <> MOERR THEN ERROR PCIB. BRSERR 
LEARE ESC) 
CIB. ERR <> NOERR THEN ERROR PCIB. BASERR 


née 


yo 
GO2aRG 


w 


COOES# = “RF2 FUL STIXH SPIGKH MFIKH AM2VR TISSE* 
LENGTH © LEN(COOESS) 

CALL I QOUTPUTS{ SOURCE, COOESS, LENGTH) 

F PCIB.EAR <> NOERR THEN ERROR PCIB. BRSEPR 


es 


EN hy & 


COCESS «= ‘H SHBG4 F2 R4 FLO 28 457G 2OSTM RG} 14° 
LENGTM © LEN{COCES3) 

CALL 1 OOUTPUTS( Ovi, COOESS, LENGTH? 

iF PCIB.ERR <> NOERR THEN ERROR PC1B. BRSERR 


We rd 
e2aoda 


Men nnn 


CALL LOTRIGGER( CvH) 

IF PCIB,ERR <> MOERR THEN ERROR PCIB. BASERR 
COOES# = "SS° 

LENGTH ® LEN(COOESS) 

CALL [OOUTPUTS( SOURCE, COOESS, LENGTH? 

TF PCIS.ERA <> WOERR THEN ERROR PCI. SASERA 


STATUS (ESC, $80, STATUS) 
.ERR (> MOERR THEN ERROR PCIE. BASERR 
US = 8 THEN GOTO 360 
SPOLL { OVH, RESPONSE > 
iF PCIG.ERR <> MOERR THEN ERAOR PCI. BASERR 
RESPONSE AND 8S) «> 69 THEN GOTO 368 


“SO1 -203TR RER* 

LEN( COOESS} 
LOGUTPUTS( Dvr, COOES#, LENGTH) 
CIS. EAR «> MOERA THEN ERROR PC! 8. BASERR 


(iSC, STATE) 
R (> NOERR THEN ERROR PCIB, BASERR 
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The right choice is 

HP’s Interactive Test 
Generator for faster, 
easier test development. 


. If the task of writing code 
(Wars right W AY is taking you away from test 
engineering and turning you 
into a full-time programmer, 


you ll welcome a faster, easier 
method of test development. 


Meet HP’s new Interactive 

Test Generator (ITG) software. 
It gives you an easy-to-use 
interface and automatically 
writes complex code for your 
test systems. Simple mouse- 
controlled instrument panels 
and menu-driven commands 
make test development intu- 
itive. No need for manuals when 


tenewanes ee programming new or unfamil- 
eae iar instruments. HP ITG chooses 
pccteettisssgsararess | the right command and sends 


t_push(Geope, “OLGITIZE*? 
t fecal liSeuroe, “HRTIi: 


it... automatically. 


With HP ITG, HP BASIC and 

an HP 9000 Series 300 computer, 
you ll cut development time 
dramatically. You can run your 
final programs on any HP BASIC 
workstation. Or on a PC, using 
HP’s BASIC Language Processor. 


Call for your 
FREE demo disk. 


See for yourself how HP ITG 
works. Call your local HP sales 


office today. We’ll send you a 
FREE demo disk. Right away. 


There is a better way. 


HEWLETT 
PACKARD 
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At HP, we've got all the fiber-optic 
components you need. And all ata 
price that’s good for your health. 


Our HBFR-0400 family of 820 nm 
fiber-optic transmitters and 
receivers provides cost-effective 
fiber-optic links of up to 4Km. 
With no assembly time. 


The 125 MHz analog receiver is 
designed for high-speed data links, 
providing data rates of up to 
150MBad. And its wide dynamic 
range is compatible with the IEEE 
802.3 FOIRL standard. 


The transmitters are specified 
with four types of fiber and are 
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High in fiber. 


designed for high-speed trans- 
mission, such as with TAXIchip 
links. 


Both the transmitter and receiver 
are compatible with popular ST and 
SMA connectors. 


HP’s HFBR-0501 Versatile Link 
family includes a complete line of 
665 nm fiber-optic transmitters, 
receivers, connectors and cable. 
All designed to provide you with a 
low-cost solution. 


Our wide range of plastic cable and 
connector options includes simplex, 
duplex, latching and non-latching. 
Which offers you a cost-effective 
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alternative to copper wire while it 
provides design flexibility. 


Best of all, they’re from HP. So 
you re always assured of HP’s com- 
mitment to excellence in service, 
support and reliability. 


For a free information package 
describing our full line of fiber- 
optic solutions, call 1-800-752-0900, 
ext. Z19R. It’s the best way to get 
your fiber. 


There is a better way. 
¢ HEWLETT 
PE PACKARD  coosws 
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__NEWS BREAKS _ 


EDITED BY JULIE ANNE SCHOFIELD 


GRAPHICS IC INTEGRATES 8814/A AN D VGA COMPATIBILITY  ==ssidsse 
Early in 1990, Trident Microsystems (Sunnyvale, CA, (408) 738-3194) will ship the 
TAVA 9000, a single chip for IBM PC, PC/XT, PC/AT, and PS/2 systems that complies ~ 
with both IBM’s 8514/A and VGA graphics standards. The TAVA 9000 is register- ‘level : 
and applications-interface compatible with the 8514/A graphics specification and a 
with all previous graphics standards, including VGA, EGA, CGA, MDA, and Hercules. - 
Trident’s 8514/A design integrates all the features of both the 8514/A and the com- 
pany’s own TVGA 8800 VGA chip, thus you can use existing graphics software | 
without the risk of hardware conflicts. The device supports displays with resolu- 
tions of 640 x 480, 800 x 600, and 1024 x 768 pixels in 256 colors out of a 256,000- color : 
palette. The TAVA 9000 will be available both as a single chip and in a board- -level — _ 
configuration. Prices for the 144-pin quad flatpack will range from $150 to $175. 
—Anne Watson Swager | 


CONTROLLER BOARD RUNS HIGH-LEVEL FORTH SOFTWARE : 
The TDS9090 4x 3-in. Forth-based controller board made in England is now a : 
able in the US from the Saelig Co (Victor, NY, (716) 425-4367) for $399. The control- 
ler draws 3 mA from a 6V supply during operation, and it can run on a 9V supply _ : 
for one year in standby mode. It uses a Hitachi HD63A03Y wP, 30k bytes of data oe 
RAM, and 16k bytes of program RAM for high-level Forth code. The controller also - 
features 256k bytes of EEPROM, a watchdog timer, and a time-of-day clock.Ithas 
55 parallel I/O ports and two RS-25aC ports. A data-logging daughter card plugs into 
the board to provide 10 channels of A/D conversion and six channels of D/A conver- Te 
sion.—John Gallant a 


VMEBUS BOARDS OPERATE UNDER SEVERE CONDITIONS . 
Designers and system integrators who require computer boards that operate under 
severe conditions soon will be able to take advantage of the VMEbus architecture. 
Motorola’s Microcomputer Division (Tempe, AZ, (800) 556-1234, ext 230, or (608) © | 
438-3522) expects to offer two grades of computer boards that operate in either a 
severe industrial or a severe military environment. The severe industrial-grade 
boards will withstand temperatures within the O to 65°C range, but the military- 
grade boards extend the temperature range from -40 to 85°C. The military-grade 
boards will also operate in a condensing-moisture atmosphere. Both grades of boards 
will tolerate 2G mechanical shocks at a sinusoidal frequency of 500 Hz. The first __ 
three boards in the new family will include a CPU, a memory, and an I/O board. The , 
-~MVME141 CPU boards will supply a 68030 uP and a 68888 floating-point math unit. | 
The MVME224 boards will accommodate as many as 8M bytes of memory, andthe 
MVMES326 will furnish a SCSI interface for controlling peripherals. Prices willbe 
published in early 1990; the boards should be available at that time.—Jon Titus © 


MANUFACTURERS’ SPICE MODELS EASE ANALOG DESIGN a 
Precision Monolithics Inc (Santa Clara, CA, (408) 787-9288) and Harris Semicondue- / 
tor (Melbourne, FL, (407) 7289-4788) now offer Spice models of some of their op amps - 
on floppy disk, thus making it possible for you to simulate analog circuits more 
accurately. Both companies plan to offer models for most of their linear ICs vee 
a yean, and other manufacturers will likely follow suit. PMI’s models, although not 
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: - provide you 
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Digitize. Manipulate. Process and display. That's what imaging 
system design has come to. And, it’s your job. To design the 
image processing system of tomorrow. For a new breed of 
modern artists in imaging, video special effects, medical 
electronics and satellite mapping. 


At TRW LSI Products, we've got your design in mind. Our 
converters and image processing components provide com- 
patible and cost-effective solutions for your design objectives. 
We've got the fundamental functions, complex algorithms, 
processing speeds and resolutions to meet your needs. 


Br isiicvasCATTRE A bbe in tv ARBs hbeoperosn dB Nveeeeanaye ASTID vonrtcaverannangntetenen 
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Digitizes Original Image 


TDC1038: Low-power 1048 A/D, 8-bits, 20MSPS 
TDC1048: Industry-standard A/D, 8-bits, 20MSPS 
TDC1058: Low-cost A/D, 8-bits, 20MSPS 


Manipulates New Image 


T™C2301: Resampling Sequencer, 12-bits/side 2D, 
15, 18 and 20MHz 
T™MC2302: Imaging Engine, 24-bits/side 3D, 40MHz 


Processes New Image 


TMC2208: Fixed Pt. Mult/Accum., 8X8-bits, 25MHz 
TMC2246: Image Filter, 10x11 <4-bits, 40MHz 
TMC2249: Video Mixer, 12 122-bits, 30MHz 
TMC2250: Matrix Multiplier, 10 12>9-bits, 40MHz 
TMC3211: Integer Divider, 32-bit, 20MHz 


Displays Manipulated and Processed Image 


TDC1018: D/A, 8-bits, 125 and 200MHz 
TDC1318: D/A, Triple 8-bit, 200MHz 
TDC1012: D/A, 12-bits, 20MHz 
TDC1112: D/A, 12-bits, 50MHz 


Turn your next design into a work of art 
with imaging solutions from TRW LS! Products. 


TRW LSI Products Inc. In the Orient, phone: 
P.O. Box 2472, La Jolla, CA 92038 Hong Kong, Tektron, 3.880629; 
619.457.1000 Tokyo, Dia Semicon, 3.439.2700; 
Kawasaki, Teksel, 44.812.7430; 
In Europe, phone: Taipei, Sea Union, 2.751.2062; 
TRW LSI Products Inc. Seoul, M.S., 2.553.0901; 
Munich, 089.7103.115; Singapore, Seamax, 65.445.1828: 
Guildford (U.K.}, 0483.302364 Australia, Email, 613.544.8244 


TRW LSI Products Inc. 


©TRW Inc., 1989 - 712A0289 
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NEWS BREAKS 


_ PC-BASED ICE FOR Z8 .C FEATURES CONTINUOUS MONITORING 


_ The WICEZ8 in-circuit emulator (ICE) from Wytec Co (Bloomingdale, IL, (312) 894- 


1440) supports real-time emulation for Zilog Z8 wCs at clock rates as fast as 16 MHz 


and features a windowed user interface for ease of operation. You use the emulator 
in conjunction with an IBM PC or a compatible computer, and the vendor supplies 


PC-based software with the emulator that lets the PC control the ICE hardware. The 
emulator communicates with the PC over a 38.4k-bps RS-232C link. During emula- 


tion, the PC displays a window that lets you continuously monitor 30 memory 


oo locations or registers, 17 stack locations, eight breakpoints, and a real-time clock. 
_ The $995 emulator provides 32k bytes of emulation RAM, which you can map into 
_- your target system in 2k-, 4k-, 8k-, 16k-, or 32k-byte blocks. The WICEZ8’s symbolic 
- debugger can use symbol files generated by assemblers from 2500 AD, Microtek, and 
_ Zax. Wytec plans to introduce a real-time, trace-buffer option board for the emulator 
in the near future.—Steven H Leibson 


‘VENDOR REDUCES PRICES OF FLASH MEMORIES 


Citing significant increases in volume production, Seeq Technology Inc (San Jose, 
CA, (408) 432-7400) has reduced the prices of its flash memories—some by more 


than 50%. The 1M-bit 48F10-200 flash EEPROM now costs $46.75 (100), which is a 


54% reduction of the previous $101.20 price. This flash memory now costs twice as 
much as UV-erasable PROMs; before the price reduction, it was three times as expen- 
sive. The price of the 512k-bit 48F512 was reduced 24%, from $37.40 to $26.65 (100). 


The price reductions affect both the 1M-bit and the 512k-bit flash memories in a 
--variety of packages, from 58-pin plastic and ceramic DIPs to the surface-mount 


options of LCCs, plastic leaded-chip carriers, and flatpacks.—Julie Anne Schofield 


- BOARD-LEVEL LOGIC SIMULATOR ELIMINATES BREADBOARDS 


 -PC-board development engineers who have been looking for a digital logic simula- 


ae tor should consider the $995 Schema-SUSIE from Omation (Richardson, TX, (800) 


555-9119). Schema-SUSIE (Standard Universal Simulator for Improved Engineering) 


i accepts net lists from the company’s Schema II+ schematic-capture program and 


simulates the configuration for engineering verification. Schema-SUSIE lets you 
generate test vectors and evaluate your design at the board level or section by 
section. A waveform generator instantaneously displays the results. Timing analysis 
reveals design problems at the component level. You can make design changes on-the- 
fly and then resimulate the whole board or just a section without further compila- 


tion.—d D Mosley 


POCKET COMPUTER FEATURES C PROGRAMMING LANGUAGE 


The PB-2000C pocket computer from Casio Inc (Dover, Nd, (201) 361- -5400) inte- 


_ grates the functions of a calculator, a personal data bank, and a personal computer 
-inasmall, handheld package. But unlike its predecessors, the PB-2000C employs the 


_ © programming language instead of Basic. The $349.95 computer weighs 8.8 oz, runs 
| for at least 85 hours on three lithium batteries, and features a 4-line x 32-column 


LCD display. The base machine is equipped with 32k bytes of memory, which you 
can expand to 64k bytes with an optional expansion pack. If C is not your favorite 
programming language, the company offers optional ROM cards that add Basic and 


Prolog into the pocket computer’s repertoire. Interface modules with Centronics, 
RS- 2526, and floppy-disk interfaces are also available.-—Steven H Leibson 
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AND PHILIPS ~ THE GLOBAL ALLIANCE I 


/sion on-site resistance 


rugged plug-in 


0.5 TO A000MHz from Ss Me pa 


Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C 
temperature range, in a rugged package... that's Mini-Circuits’ new MAN-amplifier series. 
The MAN-amplifier's tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same 
pc board area as a TO-8 and can take tougher punishment with leads that won't break 
off. Models are unconditionally stable and available covering frequency ranges 0.5 to 
1O000MHz, NF as low as 2.8dB, and power output as high as +15dBm. 

Prices start at only $13.95, including screening, thermal shock -55°C to +100C, 

fine and gross leak, and burn-in for 96 hours at 100°C under normal operating 

voltage and current. 


Internally the MAN amplifiers consist of two stages, including coupling Capacitors. 
A designer's delight, with all components self-contained. Just connect to a dc 
supply voltage and you are ready to go. 


The new MAN-amplifiers series... 
another Mini-Circuits’ price/performance 


breakthrough. 
FREQ. 
RANGE GAIN MAX. NF DC PWR _ PRICE 
(MHz) dB OUT/PWRt dB 12V, $ ea. 
MODEL f,. to fy min flatnesstt dBm (typ) mA (10-24) 
MAN-1 0.5-500 26. 4.0 8 45 60 13.95 
MAN-2 0.5-1000 19-15 if 6.0 85 15.95 
MAN-1LN 0.5-500 28 1.0 8 2.8 60 15.95 
©MAN-1HLN- 10-500 10 08 15 3.7 70 15,95 
*MAN-1AD 5.500 16-05 6 hg 85 24.95 
tTMidband 10f, to fy /o:+0.50B tldB Gain Compression Case Height 0.3 In. 


Max input power (no damage) +15dBm; VSWR in/out 1.8:1 max. 
*Active Directivity (difference between reverse and forward gain) 30 dB typ. 


finding new ways... 
Setting higher standards 


[_ Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235- 0003. (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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dc to 3GHZ 


e less than 1dB insertion loss over entire passband 
¢ greater than 40dB stopband rejection 

¢ 5 section, 30dB per octave roll-off 

VSWR less than 1.7 (typ) 


over 100 models, immediate delivery 20, Box 350166, Brooklyn, Ne York 13980008 18) S64 880 
® meets MIL-STD-202 Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


rugged hermetically sealed package (0.4 x 0.8 x 0.4 in.) 
BNC, Type N, SMA available 


LOWPASS _ Model 


Min. Pass Band (MHz) DC to 900 
Max, 20dB Stop Frequency (MHz) 1340 
Prices (ea.): Qty. (1-9) P $11.45, B $32.95, N $35.95, S $34.95 
HIGH PASS _ Model 

start, max. 1000 
Pass BandvinZ) end, min. | 200| 400 2200 
Min. 20dB Stop Frequency (MHz) 20-1+90 720 
Prices (ea.): Qty. (1-9) P $14.95, B $36.95, N $39.95, S $38.95 

C105 REV. E 
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Universal CMOS PAL 
devices have always looked 


g00d on paper. 


Bruxelles (022) 771 91 42 * Geneva (02) 2880025 » Hannover area (0511) 73 60 85 « Hong Kong (5) 8654525 « London area (0483) 740440 » Manchester area (0925) 828008 « Milano (02) 3533241 « Munchen (089) 41 14-0 * Osaka (06) 243-3250 
Paris (1) 49 75 10 10 * Seoul (02) 784-7598 » Singapore (65) 348 1188 « Stockholm (08) 733 03 50 * Stuttgart (0711) 62 33 77 * Taiwan (02) 7213393 « Tokyo (03) 345-8241 « Latin America, Fort Lauderdale Florida/US A. Tel: (305) 484-8600 TIx: (510) 955-4261 
amd ft! PAL is a registered trademark of Advanced Micro Devices, Inc. GAL is a registered trademark of Lattice Semiconductor. ©1989 Advanced Micro Devices, Inc. 
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ACE TRON ICS INC. 
641 Sunny Hill Drive | 
Sak. California 94088 

408-555-5500 


ve. ADVANCED MICRO DEVICES 
901 THOMPSON PLACE 
P.Q. BOX 3453 
SUNNYVALE, CA 94088 


CORUIQER LOATE 


6/1/89 


SURFACE CARRIER 


ETERYT = PREM NLIMBER QUANTITY 


| EE CMOS 22V10 QUARTER 
so CDEVIce. 


Now they look even better. 


Our Universal PALCE 16V8 20-pin device runs 
at I5ns using only 90mA. Its fully pin-out, function and 
fuse map compatible. Use it anywhere youd use a 
GAL? device. 

The PALCE22V10 is also flexible. It's just like the 
bipolar 22V10 with 25ns speed, but it requires as little 
as DMA. 7 

Both chips are electrically erasable which makes 
yout life easier And because they're 100% tested parts, 
you get almost perfect programming and post- 
programming functional yields. You can program and 
reprogram them until they're just the way you want 
them. And faster versions are on their way. 


We sell more PAL® devices than all our 
competitors. Combined. 

That means reliable high volume supply, a 
huge, smart army of FAEs and all the software, pro- 
ramming and testing support youd expect from 

the leader. | 7 

Because no matter how our universal CMOS 
PAL devices look on paper, they'll look a lot better 
in your design. 


Advanced Micro Devices c 


For more information write “Universal CMOS PAL Devices” on your letterhead and mail to: 
AMD Mail Operations, P.O. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom. 


(In Asia) AMD Far East Ltd., Rm. 1201-2 Harcourt House, 39 Gloucester Road, Hong Kong, Attn: Andrew Ng (In Japan) AMD Japan Ltd., Shinjuku Kokusai Bldg. 6-62 Nishi-Shinjuku, Shinjuku-ku, Tokyo 160, Japan 
i 
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EECO 
Thumbwheels 


Panel mount 
IS ad Shap 


SIGNALS & NOISE - 


Distinguishing part numbers 
and functions 


In my article (EDN, September 28, 
1989, pg 145), I mentioned that not 
all digital ICs from different fami- 
lies that have similar part numbers 
are functionally similar. Here is a 
preliminary list of digital ICs that 
do not have the same pinout as 
other ICs of the same nominal num- 
ber. (The list took me a full hour 
to compile after studying a full set 
of National Semiconductor digital, 
TTL, and CMOS databooks, as well 
as Texas Instruments and Motorola 
databooks. Heck, it probably took 
three hours. It may not be a perfect 
list, but it’s the best I have ever 
seen—heck, it’s the only one I’ve 
ever seen—and it cuts out a lot of 
baloney and malarkey.) For exam- 
ple, the MM74C86 and_ the 
DM74L86 both have the same 
pinout, but it is not the same as the 


=a aay 
Ww SS = 


= 


ws, 
= 


\' 


l 


= o 
oe 
NV 
ia 0 
= RLM / | 


Ng 
x 


“THE CHIEF HONCHO IN ENGI- 
NEERING WANTS US TO 
D-I-S-A-S-S-E-M-B-L-E THE R-O-B-O-T.” 


pinout of the 7486, 74886, 74LS86, 
T4HC86, and the 74C386. 

The following list of parts all 
share the same pinout: 74HO01; 
74L51, LS51; 74H53; 74L54, LS54, 
H54; 74H55; 74L71; 74178, LS78A; 


74L85, C85; 74L86, C86; 74L95, 
C95. 

That’s all I can find right now. 
Perhaps readers might also want to 
be aware that a 74107 is pulse trig- 
gered, but the 74LS107A is edge 
triggered, so in some cases they 
may act interchangeably, and in 
others, not quite the same. 

Robert A Pease 

Staff Scientist 

National Semiconductor 
Santa Clara, CA 


He votes for full HDTV 


Norman Hill’s letter on HDTV 
(EDN, June 22, 1989, pg 46) was 
right on, but I want to expand just 
a small pixel. 

We are already stuck with an in- 
ferior system because the FCC 
forced compatibility back when we 
went from black and white to color. 


Surface Mount 


SOURCE 


Dale? Rely on your most efficient 
source for the basics to move you 
from through-hole to surface mounting. 


Our broad range of resistors, trimmer poten- 
tiometers, thermistors, inductors and oscillators 
is supported by strong statistical process control 

systems, plus ship-to-stock capability on many 

high-volume items. For complete details contact 

your Dale Representative or phone: Thin Film 
Networks, Thick/Thin Film Chips: 402-371-0080. 

Thick Film Networks, Thermistors: 915-592-3253. 

Potentiometers, Oscillators: 602-967-7874. 
Inductors, Transformers: 605-665-9301. 
Wirewound Resistors: 402-563-6283. 


DALE ELECTRONICS, INC. 
» » a VISHAY Company 
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SIGNALS & NOISE 


The European formats, PAL and 
SECAM, present superior color 
video. We had to wait behind the 
rest of the world for stereo TV be- 
cause those same powers argued 
over the method while both Europe 
and the Far East were already en- 
joying it. 

I vote for full HDTV. And forget 


uF 


One philosophy. Two systems. Ampro’s new Slot 
Board/286, like the Little Board/286, is a complete AT- 
compatible single board system. Each is equivalent to an 
AT motherboard and four expansion cards. Now, you can 
choose between stackable systems with the Little Board/ 
286 or passive backplane systems with the Slot Board/286. 
ati PC/AT Software compatible. 
Supports all standard PC/AT 
operating systems. DR-DOS is 
included with each board. 
Everything you need. 
StackPlane™ or backplane. 512K 
to 4 MB on-board DRAM. Boot- 
able Solid State Disk. Disk controllers. Display controllers. 
A selection of 1/0 ports. Card cages and passive backplanes 
for easier system implementation. 
Better answers for embedded systems. Bolt-in or plug- 
in. Little Board/PC and Little Board/286 with their com- 
pact, easy to build-in StackPlane architecture. Slot Board/ 
286 with its passive backplane for I/O and peripheral 
intensive applications. 
Available worldwide. Call Ampro or any of the distribu- 
tors listed below for complete details on Ampro Little 
Boards or Slot Board/286. 


Reps: USA - contact AMPRO for the name of your nearest rep. Australia - 61 3 720-3298; Austria - 43-1/45 4510-0; Canada - (604) 438-0028; Denmark - 45 3 66 
20 30; Finland - 358 0 585-322; France - 331 4502-1800; Germany, West - 49 89 611-6151; Hong Kong/PRC - 5 8613118; Israel - 972 3 49-16-95; Italy - 39 6 
811-9406; Japan - 81 3 257-2630; Netherlands - 31-10-411 8521; Sweden - 46 8 55-00-65; Switzerland - 41 1 740-41-05; United Kingdom - 0296-435511 


All the advantag 
Ampros Little Board/286. 


_Nowinasinglesiot. 


* ro ® + 


"SlotBourd/286. 


about compatibility. “Go for the 
Gold!” 

Actually, we already know that 
many manufacturers have monitors 
and televisions on the market now 
that are “multiscan” (scan as neces- 
sary to suit the signal coming in). 
I now own a Sony that plays both 
NTSC and PAL, and it even 


es of 


F 
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Slot Board/286 Features 


e IBM PC/AT compatible» Math co-processor 
e 12 or 16 MHz 80C286 _ support 
CMOS CPU e Real time clock 
e Up to 4MB DRAM e Low power (approx. 
e On-board Bootable 8 Watts ) 
Solid State Disk e Wide operating temp. 


e 2 serial ports (RS232C/ _ range: 0 to 60° C 


RS422/RS485) 
e Parallel printer port 
e AT Bus hard disk 
interface 
e Floppy disk controller 
e SCSI controller 
e Enhanced Award ROM 
BIOS 


e Low parts count. High 
reliability 

e Optional Mini Modules: 
Video controllers 
LCD Display Driver 
Serial /Parallel 
expansion 
Modem ... and more 


All trademarks are the property of their respective owners 


(408) 734-2800 


FA lee 


SINGLE BOARD: SYSTEMS 


Ampro Computers, Inc., 1130 Mountain View/Alviso Road, 
Sunnyvale, CA 94089. Telex: 4940302 FAX: (408) 734-2939 
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switches automatically. So being 
able to receive HDTV and the cur- 
rent system is not a problem. 
Eugene B Summons Jr 

Harvest, AL 


He'd like a 

*““‘pin-counting”’ aid 

In the past years I’ve been design- 
ing with larger and more complex 
ICs. One particular area that has 
consumed a lot of my engineering 
time has been the counting of pins 
on 40-pin and PLCC (plastic leaded 
chip carrier) packages. For years 
I’ve been thinking that the industry 
knew about this and considered it 
a problem that would some day be 


addressed. Because I have not yet 


seen a solution to this problem, I’d 
like the industry to consider a possi- 
ble fix that I feel would not cost a 
great deal, and that would add 
value to sockets for PLCC ICs and 
to PLCC chips themselves. 

The idea is to simply add “pin 
marks” every fifth or tenth pin from 
left to right on PLCC sockets, if 
you are a socket manufacturer, or 
on PLCC packages, if you are an 
IC fabricator. The implementation 
on sockets would take place at the 
same time that pin 1 is marked, 
meaning minor changes to the injec- 
tion mold. The implementation for 
PLCC ICs would take place during 
the labeling of the part or prefer- 
ably during the molding of the 
PLCC case. The latter would be a 
more permanent method. 

Luis Taveras 

President and Production Manager 
GMM Research Corp 

Santa Ana, CA 


Price correction 


In Table 6, entitled Representative 
EEPROMs (EDN Special Report, 
September 1, 1989, pg 110), the 
price for the XL93C46 reads $0.36 
(100); the correct price for the 
XL93C46 is $1.36 (100). 
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The program 


in a switch. 


Introducing Vivisun Series 2000, the programmable switches can replace 50 or more dedicated switches 
display pushbutton system that interfaces the and the wiring that goes with them. In short, 
operator with the host computer. The user friendly Vivisun Series 2000 gives you more control over 
LED dot-matrix displays can display any graphics everything including your costs. 
or alpha-numerics and are available in green, red Contact us today. 
or amber. They can efficiently guide the operator 
through any complex sequence, such as a checklist, 
with no errors and no wasted time. © AEROSPACE OPTICS INC. 

They also simplify operator training as well as 3201 Sandy Lane, Fort Worth, Texas 76112 
control panel design. Four Vivisun Series 2000 (817) 451-1141 - Telex 75-8461 * Fax (817) 654-3405 


Programmable display switches. Making the complex simple. 
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The Memories 


You've Had in Mind 


for next-generation designs: Okis 
new-generation SIMMs 


Speed. Low power consumption. Broad 
selection. Package and assembly expertise 
from one supplier. All essential memory 
ingredients for your next-generation 
designs. And they’re all available from Oki 
Semiconductor. Our new-generation 
memory modules—built with the most 
advanced surface mount technology—have 
been designed with your future applications 
in mind. 

We offer standard x8 and x9 SIMMs and 
JEDEC standard-dimension x36, x32, and 
x18s with customer specific pin-outs. No need 
to design your system 
around a standard part. 
Just specify the custom 


Oki SIMM that matches the design you have 
in mind. Our entire memory family is manu- 
factured in an ultramodern, Class | facility, 
dedicated to supplying the industry’s highest 
quality memory devices. 

For next-generation designs, we offer 
enhanced high-capacity DRAMs. Built with 
submicron technology on 6-inch wafers, our 
1-Mbit DRAM has all the high-performance 
features you need. 80-ns speed. 20% less 
power consumption for higher density 
packaging. Plus excellent noise immunity 
for less bypassing and easier design. 

But that’s not all. 
Our 4-Mbit DRAM is 
also available for your 
latest system designs. 
And because the 
4-Mbit x9 has the 
same pin-outs and 
dimensions as our 
1-Mbit x9, it easily 
replaces the 1-Meg, 
increasing memory 
fourfold without any 
board redesign. 
If you need high- 
performance features 
from a full-line memory family—Oki 
Semiconductor is your supplier. Call your 
local Oki field office today for more informa- 
tion on the next-generation memories you’ve 
been thinking about. 


EMO2689 


So. Calif. Atlanta, GA New York, NY 
(Irvine) (Norcross) (Poughkeepsie) 
714/752-1843 404/448-7111 914/473-8044 
(Sherman Oaks) — Chicago, IL Philadelphia, PA 


818/990-3394 (Rolling Meadows) (Horsham) 


312/870-1400 215/674-9511 


No. Calif. 
(San Jose) Boston, MA Dallas, TX 
408/244-9666 (Stoneham) (Richardson) 
Boca Raton, FL 617/279-0293 214/690-6868 
407/394-6099 Detroit, MI 

(Livonia) 

313/464-7200 


- —— > OKI 


SEMICONDUCTOR 


SIMM is a registered trademark of Wang Laboratories. 
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CALENDAR 


Now, high performance 
Vvacuum/pressure blowers [Ea coca 
that operate from 120 VAC tions and dates. National Semicon- 


ductor, Box 58090, Santa Clara, CA 
95052. (800) 548-4529. Through De- 
cember 1. 


System Application Architecture 
(SAA) World (conference and ex- 
hibition), Chicago, IL. Digital Con- 
sulting Inc, 6 Windsor St, Andover, 
MA 01810. (508) 470-3880. FAX 
508-470-0526. October 30 to Novem- 
ber 1. 


Digital Signal Processing, Single- 
Chip DSP Processors, Develop- 
ment Systems—Theory, Design, 
and Applications, London, UK. In 
the US, Dr Amnon Aliphas, DSP 
Associates, 18 Peregrine Rd, New- 
: | ton, MA 02159. (617) 964-3817. 
al , : FAX 617-969-6689. In the UK, Mr 

4 2 Andrew Christofi, Loughborough 
Sound Images, Loughborough, UK. 
(44) 509-231-843. October 30 to No- 
vember 2. 


. system Unix Expo ’89, New York, NY. 

| Power National Expositions Co, 15 W 39th 

Speedcontrol  PWMcontroller —_—input/speedcontrol. = St, New York, NY 10018. (212) 391- 

EEE 9111. FAX 212-819-0755. Novem- 
oo : ber 1 to 3. 


Distributed Data Base Environ- 
ment: Present and Future (semi- 
we nar), New York, NY. Technology 
: VDC signal from a Transfer Institute, 741 Tenth St, 


These new Wind- 


jammer® blowers com- sensor or other device Santa Monica, CA 90402. (213) 394- 
bine electronics, motor, will control motor speed 8305. FAX 213-451-2104. Novem- 
and fan system ina : . and adjust air perfor- ber 2. 

compact, cost-effective ae scr eae ace mance from 0 to 100%. 

package that operates ’ Or, a second model pro- ; - 
from a standard 120 integral controller and vides manual speed con- Ne 


nar, San Diego, CA. David Maibor 


VAC input. Anexcusive Variable speed capability troip fapo- 
P - P P ge) Gea ee Associates Inc, Box 846, Needham 


Lamb Electric design, they were developed _tentiometer located in the blower housing. 


for demanding, limited space applications These blowers also feature low noise Heights, MA 02194. (617) 449-6554. 
such as business machines, medical equip- _ performance and are UL/CSA component November 2 to 3. 
ment and materials handling applications. recognized. Get complete details by 

Just 5.7" in diameter, the blowers have contacting AMETEK, Lamb Electric Divi- SMT Equipment Comparison, 
1-, 2-, or 3-Stage fans for performance sion, 627 Lake Street, Kent, OH 44240. Evaluation, and Selection (short 
from 50"H20 vacuum at 0 CFM to 110 (216) 673-3451. Telex: 433-2140. course), Bethlehem, PA. John 


CFM at 0" H>0. With one version, a 0 to 10 Cable: LAMETEK. Gilda, National Training Center 
For Microelectronics, Northampton 


ETEK Community College, 3835 Green 


LAMB ELECTRIC DIVISION Pond Rd, Bethlehem, PA 18017. 
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16 & 32-bit 
PROCESSORS | 

* Intel ° Motorola aq 
8088 68000 & 
80186 68010 
80286 68020. 
80386SX* 68030 = 


COLOR GRAPHICS 
° 640x480x256 Colors »¢ 800x600x256 Colors 
° EGA ¢ VGA* « Touch Screen EL Display 


ACCESSORIES 

¢ Predecoded Prototyping Boards 
¢ Terminal Strip Adapters 

* Power Supplies * Bus Extenders 
¢ Packaging Products 


MASS STORAGE 
© 3.5’' &5.25"' Floppy Disk Controllers and Drives 

* ST506 Winchester Controller and Drives (up to 70 Mb) 
¢ Intelligent SCSI Controller (up to 1+ Gb) 

¢ Tape Streamer 


® 
MS-DOS 
¢ Popular and User Friendly 
Single Task, Single User 
Operating System 
¢ Runs on Intel Processor 
Based Systems 


¢ Allows the Use of Any 
of Thousands of 
PC Software Products 


¢ ROMed Version Available 
for Applications in 


MOTION CONTROL Harsh Environment 


¢ DC Servo controllers 
¢ Stepper Motor Controllers 
¢ Shaft Encoder 


* 


Whoever said that obviously doesn’t know about 
GESPAC. With GESPAC, you get nearly 200 
boards designed to work together, available 
from under a single roof and backed by a team 
dedicated to your success. What’s more, all of 
these boards are supported with two operating 
systems (MS-DOS® and OS-9® ) a choice of 
Real-Time kernels, a choice of IBM PC or UNIX® 


based cross development tools, and virtually one 


® 
0S-9 
¢ Real-Time Multitasking, 
Multi-User Operating System 
for Motorola Processors 
e UNIX-like Syntax and UNIX® 
Compatible C Library 
* Modular and Totally ROMable 
Software Architecture 
¢ Editor, Assembler and C Compilers 
Allows Self Hosted 
Software Development 


¢ Cross Development Tools Available 
for PC and UNIX Workstations 


STATIC & 
DYNAMIC 
MEMORIES 


¢ 512K to 8 Mbytes 
Dynamic Memory Boards 

¢ Universal EPROM/RAM 
Static Memory Boards 


¢ System Expandable to 32Mb 


aid You Can’t Have It All? 


VISION SUBSYSTEMS 

¢ 256 to 2048 Elements Linear CCD Cameras 

¢ Matrix CCD Cameras Interfaces 

¢ Real-Time Image Processing Hardware 
q 


NETWORKING 
¢ 10 Mb/s Ethernet® «© 1 Mb/s Arcnet® 
¢ 10 Mb/s X25 ¢ 1] Mb/s IEEE 488 


¢ 1 Mb/s GESNET® ¢ 375 Kb/s Bitbus® 


INPUT/OUTPUT INTERFACES 

¢ RS 232 / 442/485 SIOs 

¢ Parallel TTL I/Os 

¢ 10, 12 and 16-bit A/D & D/A 

¢ Thermocouple, RTD, Resolver Interfaces 
e Opto Isolated I/Os 

¢ Mechanical & Solid State Relays 


software driver for every board we make. 

Call us today to receive the industry’s most 
comprehensive catalog of microsystem solutions. 
See how GESPAC can help you build the system 
that best meet your unique specifications, in the 


shortest amount of time. 


Call Toll Free 1-800-4-GESPAC 
or call (602) 962-5559. 


USA - CANADA EUROPE INTERNATIONAL 
50 West Hoover Ave. _—_Z... des Playes 18, Chemin des Aulx 
Mesa, Arizona 83500 La Seyne CH-1228 Geneva 
85210 USA France Switzerland 


Tel. (602) 962-5559 
Fax. (602) 962-5750 
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ak less than 3 wien: ene < mall me Liege 89, Philadelphia, 


PA. The International Society for 
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Wake “- 3 ee See cma tS Optical Engineering, Box 10, 
Eee ee BE Re phe See Bellingham, WA 98227. (206) 676- 


3290. November 5 to 10. 


OEM Europe ’89, Paris, France. 
Bureau International de Relations 
Publiques, Freddy J Rodriguez, 25 
rue d’Astorg, 75008 Paris, France. 
(831) 47-42-20-21. FAX 331-47-42- 
75-68. November 7 to 10. 


Productronica ’89 Munich, West 


“Ee: 


eke oe ees ey : Germany. Gerald Kallman, Kallman 
oe toe Hevini problenis getting = Tou ah cu: 5 comers. ‘= | Associates, 5 Maple Ct, Ridge- 
=) oe sees oc : ae ne = ae wood, NJ 07450. (201) 652-7070. 
~ ee VO them?: poe { ult oF nto 03M. FAX 201-652-3898. November 7 


to 11. 


Fallcon ’89 Cedar Rapids, IA. 
Fallcon ’89, Box 451, Marion, IA 
52302. (819) 396-7924. November 8 
to:9: 


Training Workshop for Visual In- 
spection of ICs and Hybrids, Bos- 
ton, MA. Integrated Circuit Engi- 
neering Corp, 15022 N 75th St, 
Scottsdale, AZ 85260. (602) 998- 
9780. FAX 602-948-1925. Novem- 
ber 9 to 10. 


Supercomputing ’89, Reno, NV. 
Lyz Dunham, NASA Ames Re- 
search Center, Moffett Field, CA 
AS CEE Ae SS ee a — | 94035. (415) 694-4870. November 13 
CIRCLE NO 4 to 1°71: 


Wescon/89, San Francisco, CA. 
Wescon/89, 8110 Airport Blvd, Los 


? Angeles, CA 90045. (213) 772-2965. 

DID YOU KNO XY FAX 213-641-5117. November 14 
° 

to 16. 


Half of all EDN’s VMEbus in Industry, Paris, 


. Ks ; France. VMEbus International 
articles are staff. written. Trade Association, Box 192, NL- 


5300 AD Zaltbommel, The Nether- 


EDN lands. 31-4180-14661. FAX 31-4180- 


15115. November 21 to 22. 
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MIPS sustained 
throughput at 33MHz 
clock rate available 
NOW. 
Average instruction execution time is 
only 1.2 clock cycles per instruction. 
Sustained floating point LINPACK perfor- 
mance of the PACEMIPS R3010 Floating 
Point Accelerator is 9.7 MFLOPS single pre- 
cision and 5.6 MFLOPS double precision. 
Reduced System Chip Count 


A new single chip component to perform 
the main memory read and write buffer 
functions will be available in early 1990. 
Increased integration and lower power lead to 
effective system design and board density. 


PACE Technology is a trademark of Performance Semiconductor Corporation. 
PACEMIPS is a joint trademark of Performance Semiconductor Corporation 
and MIPS Computer Systems, Inc. 
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3.3 Volt Technology in Early 1990 

In early 1990 you will be able to build your 
system with the PACEMIPS R3000 family in 
our 3.3 volt technology at 33MHz with less 
than 1/2 the power dissipation of a 5.0 volt 
system! Naturally, the SCRAM and the sup- 
porting logic will be available to complete your 
power saving design. 

To cover military temperature ranges, 
we are also producing the R3000 family to 
operate at 16, 20, and 25MHz. 

Our PACEMIPS processors and 
supporting SCRAMs and Logic are manu- 
factured in Performance's six-inch wafer 
fabrication facility using PACE II 0.7 micron 


68030'33 
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Performance s 33/25 MHz PACEMIPS 
_ RISC Sn shes CISC Price/ mip | 


_ 80386533 
@ as 4 
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gate length technology which has set the 
standard for high performance CMOS 
products. 

Remember, Performance is "FAST, 


~COOL, AND AFFORDABLE." 


To receive Performance's data book or 
further information or to order the best buy in 
Price/MIP, call or write: 


Performance Semiconductor Corporaton 
610 E. Weddell Drive 

Sunnyvale, California 94089 

Telephone: (408) 734-9000 


PERFORMANCE 


SEMICONDUCTOR CORPORATION 
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NUMBER ONE FOR ASICS 


Innovation: At Plessey, Leadership also means being colorful 

new ideas, new designs, new Plessey’s family of advanced DSP products offer 
applications and new techno- you technology leadership in a variety of advanced 
logies are what we do bestand —_ image processing applications. For example our DSP 2D 


what we do first. Convolver can easily handle 40 million pixels per second 

ific applications lik 
And while newness counts, vi apr ean — sitesi 
so does practicality. The price/ the motion picture industry. 


performance factor is integral 


It comes with its own cell 
to everything we do. Unlike some, we're notinterestedin 4 
creating flashy technology that no one can afford to use - libraries - written for DSP- 
or in solutions for which there is no problem! not the typical alltoo-gen- 
Leadership means both breadth and depth eral cell libraries others 
Plessey’s broad product line is key to our leadership role. __ offer. Plessey also leads 
We offer an incredible choice of arrays that include our the way with compression 


advanced “Read Channel” disk drive technology that we techniques. And it’s vital technology because as resolution 


offer in highly flexible forms. Custom. Semi-custom. improves with for example, HDTV, color copiers, color FAX 

Standard. Semi-standard...The choice is yours. machines or ultra-sonic imaging; disk space can be quickly 
gobbled up, unless you know how to put the squeeze on 

As an ASIC company we supply the your images. Plessey shows you how. 


world with all manner of ASICs - analog, 
digital and mixed analog/digital in a 
variety of advanced state-of-the-art 
processes. In fine geometry, high 
density CMOS, bipolar an ECL 
technologies we provide the highest 
levels of performance and system 
integration available today. 


The search for excellence is over 

Search no more, start at the top with Plessey. 
Whether you're looking for a low-cost entry in 
stand-alone linear array design, JTAG Built In 
Test capability, machine vision, digital cellular 
phones, satellite or Global Positioning Systems, 
look to Plessey. We understand systems, com- 
ponents, packages and systems-on-a-chip. Plessey 
As an ASSP (Application Specific Standard has them all. And you can have them all 

Product) company our standard product range 
offers the highest performance products ache For more information and your copy of our 1989 full color 
in the world today. Capabilities ranging from CMOS 80 page short form/brochure call: In North America, 1-800- 
devices operating with only 10uWA of current to the 441-5665, (FAX: 408-475-1227) or outside North America, 
world's most advanced 1.3 GHz monolithic amplifier. 44-793-726666 (FAX: 44-793-518550). 


PLESSEY 


Semiconductors 


PLESSEY Semiconductors Offices Australia, Austria, Belgium, Denmark, Finland, France, Greece, Malaysia, New Zealand, Hong Kong, ttaly, India, Japan, Korea, Netherlands,Norway, Scandinavia, Singapore, South East Asia, Spain, 
Sweden, Taiwan, Turkey, Un | Un ited States, West Germany, Ere rey symbol are trademarks of the Plessey Company pic. 
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Don't delay. Call a Samtec distributon today for our new In-Stock Catalog. 
Getting Samtec Sudden Service will be as fast as 1-2-3. 


ALABAMA 

Century 404/729-2522 
Deanco 404/429-0126 
ARIZONA 

Cypress 602/966-2256 
Elect. Supply 602/276-1199 
ARKANSAS 

Connec/Tek 214/245-1266 
Cypress 214/869-1435 
Mega, Inc. 316/636-5020 
Southwest 713/240-4000 
CALIFORNIA (North) 

Abacus 408/732-2000 
Cypress 408/980-2500 
CALIFORNIA (South) 

Cypress 714/521-5230 
Elect. Supply 714/683-7300 
Milcomm 818/998-3111 


CALIFORNIA (San Diego) 
Cypress 619/535-0011 
Elect. Supply 619/693-8222 
Southland 619/578-6634 
COLORADO 

Cypress 303/792-5829 
Indelco 303/694-9444 
CONNECTICUT 

J.V. Elec. 203/469-2321 
North Star Elec. 508/657-5155 
Richey/Impact 617/821-1500 
Schaal, Inc. 203/269-3779 
DC, WASHINGTON 

Current Comp. 301/473-5333 
Deanco 301/948-5444 
DELAWARE 

Century 215/631-5400 
Deanco 301/948-5444 
FLORIDA 

Deanco 407/671-5100 


GEORGIA 
Century 
Deanco 
IDAHO 
Moore 
Priebe Elec. 


ILLINOIS (North) 


Belford Elec. 
Mega, Inc. 


ILLINOIS (South) 


Belford Elec. 


Franklin Elec. 


Mega, Inc. 
INDIANA 
Altex 

IOWA 
Belford Elec. 
Mega, Inc. 


404/729-2522 
404/429-0126 


503/692-5333 
206/881 -2363 


312/691-1100 
312/665-6214 


312/691-1100 
314/993-5333 
312/665-6214 


317/848-1323 


312/691-1100 
314/298-8944 


KANSAS 
Elect. Supply 
Franklin Elect. 
Mega, Inc. 
KENTUCKY 
Altex Elec. 
Schuster 
LOUISIANA 
Connec/Tek 
Cypress 
Southwest 


MAINE 


North Star Elec. 


Pacer Elec. 
Richey/Impact 
Schaal, Inc. 
MARYLAND 
Current Comp. 
Deanco 


800/669-3752 
314/993-5333 
316/636-5020 


317/848-1323 
513/489-1400 


214/245-1266 
214/869-1435 
713/240-4000 


908/657-5155 
617/935-8330 
617/821-1500 
617/272-7940 


301/473-5333 
301/948-5444 


Getting Samtec 
connectors Is as 


MASSACHUSETTS 
North Star Elec. 


Pacer Elec. 
Richey/Impact. 
Schaal, Inc. 
MICHIGAN 
Calder Elec. 
MINNESOTA 
Cypress 

Parts 1 
MISSISSIPPI 
Deanco 


MISSOURI 
Elect. Supply 
Franklin Elec. 
Mega, Inc. 
MONTANA 
Cypress 
Indelco 
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508/657-5155 
617/935-8330 
617/821-1500 
617/272-7940 


616/698-7400 


612/934-2104 
612/633-8079 


404/429-0126 


800/669-3752 
314/993-5333 
314/298-8944 


303/792-5829 
303/694-9444 


Samples, catalogs and 
answers in I day. 


No delays with Samtec! 


Samples are shipped by air within one day of your 
request. Samtec will quickly answer any pricing, 
delivery or technical questions within 24 hours. 


In-Stock headers and sockets 
shipped within 2 days. 


Or we pay the freight! 


Samtec distributors stock a variety of commonly 
specified headers, SIP, DIP and PGA sockets in large 
quantities. They will ship up to 500 of any 
connector in our current In-Stock Catalog within 

2 days of your order, or you don’t pay the freight. * 


Connectors shipped within 3 days. 
Or you get them free! 


If your order for up to 500 connectors from our 
current In-Stock Catalog isn’t shipped within 
three days, you get them free.* Your account 
will be credited for the full amount of the 
connectors, plus freight costs! 


Anybody can promise service... 


Samtec guarantees it! 


Don't delay. Call a Samtec distributor today 
for our new In-Stock Catalog. Getting Samtec 
Sudden Service will be as fast as 1-2-3. 

*Subject to approved credit. Guarantees apply to full work days from receipt of 


order; weekends and holidays excluded. Products shown in the In-Stock catalog 
may vary by market and are subject to change. 


IS SUDDEN SERVICE 


New Albany, Indiana USA + Sacramento, California USA »- Cumbernauld, Scotland UK « Singapore 
SAMTEC, INC. * P.O. Box 1147 * 810 Progress Boulevard * New Albany, IN 47150 USA « Tel 812-944-6733 * Fax 812-948-5047 » Twx 810-540-4095 * TIx 333-918 


NEBRASKA NEW JERSEY (South) OKLAHOMA SOUTH CAROLINA UTAH 

Elect. Supply 800/669-3752 Century Elec. 215/631-5400 Connec/Tek 214/245-1266 Century Elec. 919/782-2116 Cypress 303/792-5829 

Franklin Elect. 314/993-5333 Deanco 609/235-8292 Cypress 214/869-1435 Deanco 404/429-0126 Indelco 303/694-9444 

Mega, Inc. 316/636-5020 NEW YORK (ZIPS 10000-11999) Mega, Inc. 316/636-5020 Kirkman Elec. 919/722-9131 VIRGINIA 

NEVADA (ZIPS 89400-89899) Broadline Elec. 516/231-4100 Southwest 713/240-4000 SOUTH DAKOTA Current Comp. 301/473-5333 

Abacus 408/732-2000 Schaal, Inc. 516/434-7100 OREGON Cypress 612/934-2104 Deanco 301/948-5444 

Cypress 408/980-2500 NEW YORK (ZIPS 12000-14999) Cypress 503/641-2233 Parts 1 612/633-8079 WASHINGTON 

NEVADA (ZIPS 89000-89399) Deanco 607/257-4444 Moore 503/692-5333 TENNESSEE Cypress 206/483-1144 

Cypress 714/521-5230 NORTH CAROLINA Priebe Elec. 206/881-2363 Century Elec. 919/782-2116 Moore 503/692-5333 

Elect. Supply 714/683-7300 Century Elec. 919/782-2116 PENNSYLVANIA (East) Deanco 404/429-0126 Priebe Elec. 206/881-2363 

Milcomm 818/998-3111 Deanco 919/851-2065 Century Elec. 215/631-5400 Kirkman Elec. 919/722-9131 WEST VIRGINIA 

NEW HAMPSHIRE Kirkman Elec. 919/722-9131 PENNSYLVANIA (West) TEXAS (ZIPS 75000-79799) Advacom, Inc. 814/476-7774 

North Star 508/657-5155 NORTH DAKOTA Advacom 814/476-7774 Connec/Tek 214/245-1266 Current Comp. 301/473-5333 

Pacer Elec. 617/935-8330 Cypress 612/934-2104 RHODE ISLAND Cypress 214/869-1435 Deanco 301/948-5444 

Richey/Impact. 617/821-1500 Parts 1 612/633-8079 North Star Elec. 508/657-5155 Southwest Elec. 713/240-4000 WISCONSIN 

Schaal, Inc. 617/272-7940 OHIO cae Elec. 617/935-8330 bagel ene Marsh 414/475-6000 

425-8134 ichey/Impact 617/821-1500 orth Star Elec. - WYOMING 

oasis en ee es eas pe ea Schaal, Inc. 617/272-7940 Pacer Elec. 617/935-8330 Cypress 303/792-5829 
Richey/Impact 617/821-1500 Indelco 303/694-9444 
Schaal, Inc. 617/272-7940 
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If you need speed in a PROM, call us. 
We have the world’s fastest CMOS 
: SS reprogrammable PROMs, from 4K to 256K. 
CEPA es | Our new 20ns 16Ks, 7C291A and 7C293A, 
4 _ can improve system performance by running 

Wesiye ae weal xe high speed programs straight from PROM 
o> without downloading to RAM. Yet using the 
7C293A you can power down to 30mA. 
Save board space, cost, power. 

For high-speed pipelined applications, our 
16K 7C245A registered PROM accesses data in 
just 10ns, and requires only 15ns setup. 


If you need the densest PROM, call us. 
We have four 256Ks that can pack the 


maximum available high speed storage into a 
if | one an space-saving 300 mil DIP, or PLCC that requires 
. | A just .3 square inches, all at a record setting 35ns. 


512x8. 1Kx8. 2Kx8. 


rae : 
were Ine fastest, «i! 
Peg We have registered versions. Registered 
diagnostic versions. 
= EPROM pinouts. 
_ . | 2 Power switched versions. 
if | T 1 if We have the PROM you 
, need with the speed and features you want. 
7 : y A Reprogrammable PROM. 
: : Our CMOS floating-gate memory means you 
aon we i & T e can order windowed versions of almost every 
| : 2 part. You get the high speed of a PROM, with the 
a benefits of reprogrammability. 
ensest Cool, low power CMOS. 
& 9 | / So you don’t use a lot of power, even when 
: you need a lot of memory. Many parts power 
down even further when deselected. 
Call. Get your hands on our data book. 
Data Book e 
Hotline 
1-800-952-6300* 
Ask for dept. 
4E 


|= CYPRESS 
SSF SEMICONDUCTOR 


*1-800-387-7599 In Canada. (32)2-672-2220 In Europe. 
©1989 Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134 
Phone: (408)943-2666, Telex 821032 CYPRESS SNJUD, TWX 910-997-0753. 
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Rules to live by 


Jesse H Neal 

Editorial Achievement Awards 
L987 9815 (2), 1978 (2). 

1977, 1976, 1975 


American Society of 
Business Press Editors Award 
1988, 1983, 198] 
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I'll be frank. As an American, I’d have difficulty adapting to the Japanese 
way of life. There’s too much conformity for my independent spirit and 
too much polite obliqueness for my straight-ahead style. When I recently 
returned from a two-week stay in Japan, I was glad to be back in the 
good old USA. 

But please understand this: Although I don’t like Japanese rules for 
living, it’s not for me to judge those rules, because I don’t have to live 
by them. If Japanese rules work for the Japanese, then who am I to 
complain? 

In the article beginning on page 59, I report the observations of several 
American engineers who have lived and worked in Japan. Some of the 
Americans’ comments about the Japanese workplace seem harsh, and yet 
all the engineers I interviewed for the article viewed their time in Japan 
as a positive experience. Their candid observations are just that—observa- 
tions. If they seem harsh when you read them, it could be because you’re 
judging them by American rules—rules that don’t apply. 

According to American rules, the Japanese workplace seems rigidly 
structured, but this rigid structure furnishes unambiguous goals and unam- 
biguous plans for reaching those goals. I have yet to see a Japanese 
engineer working without a clear sense of purpose. 

Workdays in Japan are depressingly long by American standards, but 
the Japanese take enormous pride in what they accomplish in those long 
days. 

Business negotiations and even personal communication in Japan can 
be exasperatingly indirect, because Japanese culture stresses politeness 
and avoidance of conflict. But if you’re frustrated by overextended po- 
liteness, at least you'll never be snarled at by a rude Japanese cab driver. 

I could go on and on. I could mention the inferior treatment of women 
in the Japanese workplace, but American women were treated equally 
badly not too many years ago and still haven’t achieved equality. I could 
mention the Japanese obsession with education and careers at the expense 
of joyful living, but it only conjures up visions of America in the 1950s. 

Finally, I could mention unfair trade. I could mention, for example, how 
“Japan Inc” competes unfairly with American companies through a coop- 
erative effort of Japanese industry and government. But such cooperation 
isn’t at all unfair according to Japanese rules. In fact, many Japanese 
wonder why there isn’t similar cooperation in the US. For that matter, 
many Americans wonder the same thing. 

I don’t mean to make light of the trade situation. The Japanese do 
invoke practices that, by rules familiar to Americans, are simply unfair. 
A key point to remember, though, is that they’re playing with a different 
set of rules—rules that might seem strange to us, but perfectly sensible 
to them. Before we judge their behavior, whether in the engineering lab 
or in the international arena, we have to agree on what the rules should 
be. They might have to adopt some of our rules, and we might have to 
adopt some of theirs, but only when we agree to follow the same rules 
can we begin to judge each other. 


Gary Legg 
Special Projects Editor 
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More PC Data Acquisition Firepower 


than any other board. 

Burr-Brown has revolutionized PC data acquisition, Plus you can add trigger/alarm, simultaneous 
test, measurement and control with one board. One sample/hold, additional counters, and more. Super 
Super Carrier board that gives you unequalled Carrier is also supported by a full range of software. 
capability and expandability at a price that blows the y= = For more information about one of the 


competition out of the water. 

The software-programmable Super Carrier comes 
with 16 single-ended/8 differential analog inputs and 
16 digital I/O channels on board. Burr-Brown plug-in handbook, call (602) 746-1111 or write 
modules allow expansion to 80 analog inputs, 80 eS Burr-Brown, 1141 W. Grant Road, 
digital I/O channels or 16 analog outputs. MS131, Tucson, AZ 85705. 


——— 


single most powerful data-acquisition 
tools you can own, plus a free 288-page 
Burr-Brown PCI-20000 modular system 


BURR -BROWN® 


© 1989 Burr-Brown Corporation 5800-8170 
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It’s Done. 


A Compact VME Slave Controller. Only $9.45 


PLX Technology, the VME bus inter- volume price, just fill out and mail in 


face specialists, have done it for you. the coupon below. Or call us toll free at 
Your VME slave control logic. 1-800-759-3735. 
Combined with input buffers and out- Send us your coupon before October 
put drivers all ina single 24-pin package. 31, 1989 and we'll even toss ina VME 
If you'd like to try one of these Interrupt Generator, free of charge. 


low-cost, space-saving ICs at our 


Si aaa ah aed ee 6 ci). a a a ane A 


Send to PLX Technology Product Marketing, 625 Clyde Avenue, Mountain View, CA 94043 


PLX, please rush me: 


O A VME-2000 Slave Controller for just $9.45. 
Packagedina: O DIPor O PLCC. na asl pial 
O Payment Enclosed. 0 Bill me. 
O PLX Applications Cookbook with 14 ready-to-use 
bus interface circuits. COMPANY 
O New product information describing: 
O VME Master Controllers, Interrupt 
Generators and Interrupt Handlers. CITY STATE ZIP 
O Programmable Bus Interface ICs. 


O Interface ICs for VSB, Micro Channel, NuBus 


NAME TELEPHONE 


ADDRESS 


ports $<-<--- 


and Multibus. 
tx. ae caer 
a eee ee ie GEN 
All brand names are registered trademarks of their respective companies. TECHNOLOGY” 
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Cz! Computers and Communications 


Super-natural capacitance. 


Nature endows every object with for decades.We achieve itthrough surface-mount cases (only 1.6 x 
some Capacitance. But to equal intensive RaD programs that begin 3.2 x 1.6mm). 

the 2.2F capacitance that NEC has with materials and cover every When you need capacitors 
packed into its 14 cm* Supercaps, phase of design and production. — with exceptional capabilities, 
nature would require 3,100 spheres You can see the results in our come to NEC. We think small to 


the size of planet earth. Supercaps. And our chip tantalum help you think big. For more in- 
Creating large capacitance in capacitors that offer ratings up to formation about our innovative 
small cases has been NEC's specialty 10 wF in the industry’s smallest capacitor lineup, call NEC today. 


For fast answers, call us at: 
USATel-1-800-632-3531. TWX:910-379-6985. W. Germany Tel:0211-650302. Telex:8589960. The Netherlands Tel:040-445-845. 


Telex:51923. Sweden Tel:08-753-6020. Telex:13839. France Tel:1-3946-9617. Telex:699499. ItalyTel:02-6709108. Telex:315355. 
UKTel:0908-691133. Telex:826791. Hong KongTel:3-755-9008. Telex:54561. TaiwanTel:02-522-4192. Telex:22372. 
Korea Tel:02-551-0450. Fax:02-551-0451. Singapore Tel:4819881. Telex:39726. Australia Tel:03-267-6355. Telex:38343. 
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ADVERTISEMENT 


ENTERING 


THE HIGH-TECH STAGE: 


a good investment climate to transform an 
agricultural society into the world’s 12th 
largest industrial nation. The Republic of 
China’s meteoric rise in the international 


F certainly takes more than seven days and 


community of economic hardplayers over 


the past 40 years is based on several 
contributing factors, but first and foremost 
are the Taiwanese people and their work 
ethics, their diligence and absolute will to 
succeed in today’s increasingly competitive 
markets. Taiwan is no longer a place for 


cheap contract manufacturing. The times 
when the R.O.C. was Paradise Island for 


_ those seeking low labor costs and mediocre 


product quality definitely belong of the past. 


PROPER PLANNING MADE 
IT HAPPEN 


The educational infrastructure on the 


island has become one of the best in Asia. 


Providing high-level mass education has 
been a major task which the R.OC. 
government has successfully mastered. 


Today, Taiwan is not only boasting a skillful 


and motivated blue collar workforce but also 
a large pool of white collar employees, many 
of whom hold higher academic degrees from 
universities abroad. Every year, graduates 
from more than 100 colleges and universities 
turn to Europe and the U.S. to complete 
their training, mainly in high-technology 
fields. Consequently, Taiwan is now in a 
process of transition from an OEM (original 
equipment manufacturing) based economy 
to one which is also rooted in original design 
manufacturing (ODM). As recently as 1985, 
only 5 per cent of Taiwan's Electronic 
Industry (the island’s No. 1 industry) 
products were sold under their own brand 
names. By 1988, that figure increased to 
more than 20 per cent and it’s on the rise, 
especially in the field of PC’s, where almost 
40 per cent brand name marketing is the 
current rule. Still, OEM will remain an 
important economic factor. 


TAIWAN 


ECONOMIC POLICY 
ADJUSTMENTS 


Taiwan's ‘economic miracle’ resulted in — 
a gross national product of nearly $19 billion 
in 1988, maintaining the average economic 
growth of 7 per cent. 1988's per capita 
income of $ 6045 was among the highest in 
Asia. Since martial law was lifted, there have 
been tremendous changes in the R.O.C.’s 
economic policy. To improve trade relations 
and attract investors, tariffs and duties on 
some 3000 imported industrial products 
have been slashed; for several high-tech 
products such as IC’s, the tariffs are as low © 
as | per cent. The biggest problem Taiwan's 
export oriented industries are currently 
facing is the steady appreciation of the 
currency. The New Taiwan Dollar had been 
artificially kept at an exchange rate of 40 to. 
the U.S. dollar for years. As the country 
accumulated more and more foreign 
currency reserves-in fact Taiwan has the 
world’s largest per capita reserves this year- 
there was a need to bring the NTS exchange 
rate to a more realistic level. Under 
international pressure, especially from the - 
U.S., the currency was put on a free floating 
base in 1985. Since then, the Taiwan dollar 
has appreciated some 40 per cent against 
the greenback; this year’s average exchange 
rate is as low as 25:1. Still, this is not the 
end to international discontent. |t seems like 
Taiwan will have to let its currency float to 
its true value. The U.S. is especially 
dissatisfied, since it has suffered from 
Taiwan's trade surplus several years already. 
Even though a significant portion of the 
island's exports to the U.S. is in fact 
re-exports (products assembled by American 
owned companies for American markets) the 
trade imbalance is causing serious economic 
friction between these two long-time 
partners. The tariff reforms have already 
helped to decrease the surplus to $10 billion, 
40 per cent down from $19 billion in 1987. 
‘Buy American’’ campaigns pushed 
Taiwanese per capita purchases of American 
goods up to $650 in 1988. However, 
Taiwan's investment climate remains quite 
attractive. Highly trained manpower and the 
government's current R&D-dedicated policy 


ADVERTISEMENT 


bring more and more foreign high-tech 
companies to the island. Investments in 
wholly owned subsidiaries, factories, 
research laboratories and joint-ventures are 
increasing, despite rising labor costs, 
especially since infringements on patents and 
copy rights are strictly prosecuted by official 
investigators. And while assemblers are 
moving to offshore production sites such as 
Thailand and Mainland China, High-Tech 
moves into the R.O.C.... 


COMING A LONG WAY - 
TAIWAN'S ELECTRONIC 
INDUSTRY 


It all began with consumer electronics. 
Back in the sixties, when Taiwan labor was 
cheap and margins for low-end products 
were high. Times have changed and so has 
the level of industrial production. Eventhough 
electronic data processing devices ousted 
them from rank |, consumer electronics still 
make about 30% of Taiwan's Electronic In- 
dustry’s output. 

Over the past ten years, the industry's 
trend clearly shifted from cheap mass pro- 
duction toward higher value added products. 
In 1988, Taiwan supplied 25 percent of the 
world’s personal computer market and 
almost 30 percent of all IBM compatibles. The 
production of high-end components such as 
semiconductors and ICs rose sharply. This 
looks fine on paper, yet the electronic in- 
dustry is facing some major problems: 


Consumer Products & Parts / 
31.2% _ 


Measuring & Controlling 4.7% 


The sales of value-added products aren't 
too promising. Rising labor costs and a strong 
appreciation of the currency make Taiwan a 
less attractive place for low-end production. 
Since 1985 monthly labor costs have doub- 
led from $300.48 in1985 to $602.84. As the 
industry will also face a severe lack of skil- 
led labor in the near future,some farsighted 
companies already moved production sites 
to other South-East Asian countries such as 
Thailand or Malaysia. Some investments also 

went into mainland China. DON, an extremely 


Passive Components 
7.7% 


Electronic Industry's Export Production in 1988 


well established manufacturer of high-end 
capacitors with branches in Korea and 
Honkong, is prepared to produce electrolytic 


capacitors in Indonesia. 


Other manufacturers decided to meet the 
labor shortage/labor cost problem by in- 
vesting in factory automation.. 

Says Alex Hsieh, president of TEC 
Taicera, Taiwan's foremost hermetic IC 
assembly house which acquired the U‘S. 
coporation GTE in 1988: “Factory automa- 
tion and computer integrated manufacturing 
(CIM) are long term solutions. If there aren't 
enough workers, machines are needed to 
take their place.” 
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a> a Capacitors by DON 

SSSSS5==5 
The R.O.C. government is supporting 
automation to defuse labor shortages and 
hopes that a profitable automation equip- 
ment supply industry can be established. 
Government institutions such as ERSO (Elec- 
tronic Research & Service Organisation) are 

sponsoring R&D activities regarding CIM. 


Semiconductors & ICs 
9.9% 


Communication 
6.1% 


Computer & Parts 
36.3% 


Since Taiwan still lacks technologies that 
can really influence international markets, 
production flexibility has to be maintained. 
Many of the hundreds of back-alley manufac- 
turers already vanished from the scene, the 
future obviously belongs to more well-heeled 
companies. While smaller enterprises seek 
niche products, industrial leaders try to build 
strength in value-added mass production. 

Yet the move to broader and more 
sophisticated: product ranges is hindered by 
severe shortages of key components such as 
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-| Consumer Electronic Parts 


DRAM, which are not only essential for com- 
puters but also for advancing semiconduc- 
tor technology. According to spokespeople 


of the electronic industry, Taiwan-made. 


DRAM will be a determining factor for the 
island's future role in international markets. 
Currently, there are four DRAM fabrication 
projects, all of which are supported by 
government institutions. 


Import and Export Value in 1989 


[Products | Export_| Import | 
| Consumer Products | 2,879.0 | 405.4 | 
|Telecommunication | 687.7 | 2294 | 


Measure & Control Equipment 
Electronic Components ; 


. P3661 


Displays & Tubes 529.3 
13.613. 


Value in million USS 


Source: Council for Economic Planning and Development 


Another serious lack can be seen in the 
field of optical devices. Except for Taiwan’s 
leading scanner manufacturer, Mikrotek, 
which is also specialising in CNC products 
and MICE (Micro In Circuit Emulators), most 
of the companies suffer from a lack of 
mechanical and optical skills. It seems to be 
very unlikely that there'll be a stronger orien- 
tation toward optical-related production in 
the near future. 


Despite the fact that Taiwan is still impor- 
ting twice aS many semiconductors and in- 
tegrated circuits as there are exported, this 
part of the electronic industry is doing ex- 
temely well. Growth rates around 35 percent 
have been the rule for the last years, due to 
the growing trend to implement SMT (Sur- 
face Mounting Technology) “SMT products 
are an absolute must for those who want to 
make it into the next decade.” says Ching An 
Shih of USI, an internationally rewarded 
maker of Oscillators and Hybrids. He con- 
tinues: "We didn't recieve the Q1 Preferred 
Quality Award from Ford in 1988 because 
we re nice people. We keep investing in RGD 
and quality control and that’s how you keep 
pace with growing demands.’ 


Currently, the electronic industry is quite 
concerned about European markets. While 
the U.S. is still the strongest export market 
for Taiwanese electronic products - some 42 
percent of 1988's total exports were chan - 
neled into theU.S.A.in1988-companies rush 
to establish branch offices, service centers 
and warehouses in Europe before the an- 
nounced market unification in 1992. 


Though suffering somewhat from a lack 
of corporate vision, most of the companies 
are confident that production flexibility and 


versatile engineering skills will lead them 
safely to future success. 
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Ge WE SUPPLY: 
ie ae GAS SENSOR/MOISTURE SENSOR! 
net at Gemma besies QUARTZ RESONATORS/CRYSTAL 


OSCILLATORS/CRYSTAL FILTERS/ 


INFRARED DETECTORS/ 
ELECTROLYTIC CAPACITORS 


CERAMIC DISC CAPACITORS 


CERAMIC TUBLAR CAPACITORS 
CHIP CAPACITORS 

VARISTORS & THERMISTORS 
C.C. & R. NETWORK 


RESISTORS (CARBON/METAL FILM & CHIP) 
CERAMIC DISC ELEMENTS FOR CERAMIC CAPACITORS 


RAW MATERIALS FOR ELECTROLYTIC CAPACITORS 


CERAMIC DISC CAPACITORS TURNKEY PLANT 


CERAMIC TUBLAR CAPACITORS TURNKEY PLANT 
MULTILAYER CERAMIC CAPACITORS TURNKEY PLANT 
HI-VOL CERAMIC CAPACITORS TURNKEY PLANT 
VARISTORS /THERMISTORS TURNKEY PLANT 
ELECTROLYTIC CAPACITORS TURNKEY PLANT 


DON’S ENTERPRISE CO., LID. 


OFFICE: 7TH FL., NO. 7-1, SEC. 2, NANKING E. RD., TAIPEI, TAIWAN, R.O.C. 
TEL: 886-2-5425151 (8 LINES) FAX: 886-2-5818845 TELEX: 28806 DONSECL CABLE: ‘‘DONSECL”’ TAIPEI 
FACTORY: NO. 88, SEC. 2, CHING NIEN, RD., YANG MEI CHEN, TAU YUAN SHIEN, TAIWAN, R.O.C. 
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IERSO_ EVGA MATCHES 
ANY RESOLUTION 


EVGA-CIC86100S 
¢ Supports ¢ 100% Hardware Compatible with IBM VGA Chip 


f — HGA Mode 

— AT &T Model 6300 Mode (640x400) 
— 640x480 GFX Mode (256 colors) 

— 800x600 GFX Mode (16 colors) 

— 1024x768 Resolution (16 colors) 


ITRI 
— 8/F, No. 315, Song-Chiang Rd., Taipei, 10477, Taiwan, R.O.C. 
ERSO Fax: 886-2-5028795 Telex: 12974 ERSOITRI Tel: (02)502-8212 


— 100 Pins QFT 
WORLDWIDE DISTRIBUTORS UK 
ARGENTINA HONG KONG ITALY SWEDEN SE eRET LIMITED 
CIKA §. R. L. LINPO INTERNATIONAL LTD. PAN ELEKTRON S.R.1. BEXAB TECHNOLOGY AB is Abs 
Tel: 54-1-518108 Thx: 852-3-7558350 COMPONENTI ELETIRONICI — Tix: 13888 BEXTE ax: 44-21-733245/ 
Fax: 54-1-112691 Fax: 852-3-7957199 Thx: (043)325074 PANELKI Fax: 46-8-7327058 US.A. 
DENMARK Fax: 39-2-4390134 SWITZERLAND (N. CALIFORNIA & N. NEVADA) 
E. FRHS, MIKKELSEN A.S. | VECTOR ELEKTRONIC CO. KOREA EGLI, FISCHER & CO., LTD. COSTAR INCORPORATED 
Tix: 37350 EFM DK Tel:. 852-3-432868 SHIN-A TRADING CO. Tix: 815535 EFZ CH Thx: 1-408-4469339 
Fax: 45-2-988140 Fax: 852-3-439194 Tlx: K29120 SHINAS Fax: 41-2012275 Fax: 1-408-4464885 
FINLAND BEBEK ace Beda! THE NETHERLANDS WEST GERMANY 
LAHDEN ELECTRONICS & NEI TRONIC LIMITED SPAIN VEKANO B.V. NOVA ELEKTRONIK GMBH 
COMPUTERS OY: Tlx: 93556 VECTOR ESPANA S.A. Tlx: 51804 VEKNO NL Tlx: 8881867 NEVG D 
Tel: 358-18-514066 Fax: 353-1-552789 Tx: (052)49331 VECT E Fax: 31-40-810265 Fax: 49-2234-63712 
Tlx: 16269 BEBEK SF : Fax: 34-1-2471667 

TURKEY HERIBERT LEHNER 
FRANCE ISRAEL ELEKTROL. SANAYI VE —- OPTO UND SPEZIAL 
SYSCOM ELECTRONIQUE BORAN TECHNOLOGIES LTD. TICARET KOLL STI. ELEKTRONIK GMBH 
Tlx: SYSELEC 262566F Tlx: 341177 Tlx: 29569 ELTS TR Tlx: 04-2180146 


Fax: 31-1-43 77 53 29 Fax: 972-3-9344235 Fax: 90-1-3368814 Fax: 49-419-24031 
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Your Experienced Coil & Transformer Specialists 


We've been specialist manufacturers of 
coils & transformers for many years, 
and our factory hes been supplying a 
broad domestic market and many 
foreign countries with top-quality 
products. You.are assured of consistent 
top quality thanks to our up-to-date and 
complete testing equipment. Contact 
us today for full information. 


* Our products are used in color 
Monitor, TV, B/W TV, B/W Monitor, 
Switch Power Transformer, Radio. 


Our Main Products: 
. Switch (convert) transformers 

. Side PIN cushion transformers 
. Horiz drive transformers 

. Video (coupling) transformers 

. Audio transformers 

. Degaussing coils 

. Horiz linearity coils (ADJ) 

. Horiz width coils 

. Power line filter coils 

10. Dynamic focus coils 

11. Choke coils 

12. Oscillator coils 

13. Delay lines 

ta.” RF coils 

. AC & DC soenoids 


No. 5, Lane 88, Hsing Sheng St., Pan-Chiao, Taipei, Taiwan. R.O.C. 
Tel: 886-2-9692995/8 Tix: 33369 LSECO Fax: 886-2-9653280 
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Manufacturer & Exporter: 
Li SHIN INTERNATIONAL ENTERPRISE CORP. 


TAICERA WORLD-WIDE SERVICE, 
FROM NORTH AMERICA 
TO EUROPE 

Hi-Rel Hermetic I.C. 


And Plastic I.C. Assembly House 
EXPERTS IN PACKAGING 


Founded in 1977 to fabricate memory 
devices and sidebraze assemblies, T.E.C. is 
already looking back to twelve years of 
experience in assembling high reliability 
military grade multilayer ceramic and cerdip 
packages for the semiconductor industry. 

During these twelve years, we’ve 
developed all the systems necessary to 
produce the superior quality and high yields 
required by today’s MIL-STD-883C tests. 
Including engineering support for different 
package requirement types, structure reports 
which provide our customers with vital data 
on our processing of their devices and 
flexible response to complex customer 
requirements such as quick turn assemblies. 


Keeping Pace With Today’s Needs 
-A Longterm Upgrade Plan 


In order to maintain the good quality of 
production, Taicera is embarking on an 
aggressive plan to upgrade capabilities and 
improve the manufacturing. Currently, 
Taicera can provide interested customers 
with the following packages: Cerdip/ 
Sidebraze/Leadless Chip Carrier/Pin Grid 
Array/Flat Pack/Plastic Dip. 


LOCAL REPRESENTATIVE WELCOME!! 
PLEASE SEND REQUEST ATTENTION TO 
MR. ALAN CHANG 


AICERA ELECTRONICS CO., LTD. 
T=c he 


Gloom 12-1 Nan Il Road, T.E.P.Z., Tantzu, Taichung, Taiwan, R.O.C. 
Tel: (045)322111 Fax: (045)337146 Telex: 56274 TAICERA 
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Dc-DC CONVERTER |  DC-DC_CONVERTER 


ACME ELECTRONICS IND.CO,L 
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oem ——— ACME ELECTRONICS CORP 
DC-DC CONVERTER | - TAIWAN 


OUTPUT 


-PRIMCO INC. 
TEL; 886-2-7358058 TLX: 17218 PRIMCO FAX: 886-2- 7357647 — 


P.O. BOX 26-11 TAIPEL TAIWAN, R.O.C. 
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Solid State Relays 
utstanding Quality- 
© ege@ Proximity Switches I/O Modules: 
Si 1cCan Package: Cylindrical or Square. IAC, IDC, OAC, ODC 
Sensing Distance: 1-15mm. 5, 12, 15, 24VDC logic compatible. 


Proximity Switches 


° Voltage: 8-32VDC, Single channel and 4 channel available. 
-90-260VAC. | I/O Modules mounting rack: 

I eS Connection: 3-Wire DC, 2-Wire AC. 4, 8, 16, 24 positions for single channel, 

Normally Open or Normally Close. 24 positions for 4 channel I/O Modules. 


LED Indicator Built-in. Time Delay Relays 


Solid State Relays 50ms-1Ohrs (Fixed or ext. adj) 
ecccccccccccccccccccccccccccccccccccccccscsccococoss ECHOW ELL ACY SSR. 12-280 VAC or 122190 VDC 
ECHOWELL ELECTRONIC CO., LTD. OUTPUT: 1-40 Amps/120 or 240AVC 1 Amp Output (10 Amps Inrush) 
215, HUA CHEN RD., HSIN CHUANG INPUT: 3-32 VDC or 80-280 VAC MODELS (UL, CSA Pending) 
TAIPEI, TAIWAN, R.O.C. DCSS.R. Delays on make, interval, Delay on Break, 
TELEX: 16594 ECHOWELL OUTPUT: 1-3 Amps/60-200 VDC Recycle, Delay Interval, Single Shot, 
TEL: 886-2-9919847/8°9965381/3 INPUT: 3-32 VDC All Solid State (no moving parts) 


FAX: 886-2-9924212 
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The mountain man may be out of reach but we are here to serve your 
demands. 

Yeti’s printed circuit boards have taken up the challenges of this fast 
changing world of electronics and OEM equipment since 1984. 
Accuracy is garanteed by our fully automated program controlled 
production line. Strict quality controls have minimized defection rates. 
Continuous schooling enables Yeti employees to be up to the latest 
technical innovations and standards in OEM products. Our 
mass-production capacities are increasing. 


Just snooping for reliable suppliers you should contact us. Yeti is at 
your disposal. 


YETI ELECTRONICS CO., LTD. 
106, KAI LUNG STREET, JIA DONG TSUEN, 
BA DER SHIANG, TAOYUAN TAIWAN, R.O.C. 
TEL: 886-3-3699121-6 FAX: 886-3-3698362 


P.O. BOX: 362, CHUNG-LI, TAIWAN, R.O.C. 
CONTACT PEOPLE: 


C.K. CHEN-PRESIDENT 
JACK HUANG-SUPERVISOR 
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Quality & Reliability 
From A Switching Power Supplies Specialist 


a —— A WIDE RANGE OF SWITCHING-MODE 
POWER SUPPLIES 


We have over one hundred types of switching power 
supplies for customers to choose among; single and 
multiple output, twenty watts up to several hundred 
watts. 


STANDARD /T AILORED/CUSTOM 
PRODUCTS 

Our standard power supplies features quick, off-the- 
shelf delivery, high quality and economical prices. 
Our tailored power supplies can be quickly modified 
from standard in response to customers’ specified 


output voltage. 
We also have the capabilities to build to OEM 


requirements, including layout of custom PCB and 
custom cases. 


HIGH-VOLUME CAPABILITY AND LOW- 
VOLUME FLEXIBILITY 


Our established and disciplined production lines can 
handle orders of more than 100,000 or less than 100. 


DESIGNED TO MEET VARIOUS SAFETY 
AND EMI/RFI STANDARDS 


~~ We are committed to building power supplies to various 
re welcome, please contact _,stional and international safety regulatory standards. 


OEM business and customers’ des 


ignsa 


us for details. Manufacturer & Exporter UL 478 and UL 1012, CSA C22.2 #143-1975, CSA C22.2 
@ ae row = roobonfiafiich abide CORP. #154-1975, JUV or VDE O805/IEC435 and VDE 0806/ 
“Al Head Office: 9F-8, No. 461, Chung Shan 2nd di: Kaphsiung 80207, Taiwan: #.0.¢, C380: Our. products also meet: EMURFL standards and 


124893 LR6S166M45 R84026 Tel: 886-7-3326997 Tix: 73451 POWERFUL Fax: 886-7-3321975 FCC 20780 level B, VDE 0871 level A. 
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MAGNTES FROM A PROFESSIONAL 


WITH MORE THAN 18 YEARS OF EXPERIENCE (3) ANISOTROPIC BARIUM MAGNETS 
IN MANUFACTURING FERRITE PRODUCTS. WE (4) ANISOTROPIC RUBBER MAGNETS 
CAN MEET THE MOST DEMANDING REQUIRE- (5) FERRITE CORES 

MENTS, OR SOLVE ANY RELATED PROBLEMS. (6) RARE EARTH MAGNETS 

WHEN SOURCING FROM US YOU ARE ASSURED 2 

OF OUALITY PRODUCTS, REASONABLE PRICES Superrite | 

AND PROMPT DELIVERY. GET IN TOUCH SINCE 1971 FenAnE 


WITH US TODAY FOR FULL INFORMATION. Manufacturer & Exporter 


MAIN PRODUCTS: SUPER ELECTRONICS CO., LTD. 


No. 714-716, Chung-Shan N. Rd., Sec. 5, Taipei, Taiwan, R.O.C. 


(1) ANISOTROPIC STRONTIUM MAGNETS Tix: 19294 SUPERITE Fax: 886-2-8311374 
(2) ISOTROPIC BARIUM MAGNETS ceguepgestoaths, clngeeh nf (4 lines) 
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27256 x 8 in 5.3 sec. 


* Operate stand-alone or PC based 

* Transfer files to/from PC via printer port 

* Program 27256x8 in 5.3 seconds at a time 

* Support 24/28/32 pin EPROMs to 2Mbit 
firmware can upgrate to 8Mbit 

* | year warranty 


LAGE cieeicion 


CAPRILION ENTERPRISE COMPANY 
2F, 545 Chueh Min Road, Kaohsiung 80750 
Taiwan, R.O.C. 


Phone: 886-7-3865061 Fax: 886-7-3864521 


YOUR END TO FIND 
THICK FILM PRODUCTS 


* CHIP RESISTOR 

SIZE: 0805 (1/10W) 1206 (1/8W) 

RANGE: 109-1 MEG 

TOL: +1%, +2%, +5% 

* RESISTOR NETWORK: 

TYPE: SIP, 4-14 PINS 

RANGE: 10-1 MEG 

TOL: +1%, 42%, +5% 

* CAPACITOR NETWORK: 

TYPE: SIP, 4-14 PINS 

RANGE: NPO 1PF-1000PF 
X7R_ 1Q00PF-.22UF 
Z5U .O1UF—1.5UF 

VOLTAGE: 25V, 50V, 100V 


* HYBRID IC 
OEM and customers’ design are most welcome 
Please contact us today for further information 


23-1, Lane 84, Chung Ying St., Shulin Chen, Taipei Hsien, 


Taiwan 23804, R.0.C. Tel: 886-2-6838581 Tix: 32509 
Fax: 886-2-6816456 , 886-2-6824634 
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HIGH GAIN OFFSET ALU/ 
STEEL DISH ANTENNAS 


HPIC engineers have designed aseries of high 


‘gain offset dishes—a 

aie Promoae configuration 
/ for easy installation and 

/; guaranteed parabolic 
trueness especially for 
Y 4 Europe. 
7} Mechanical and 
nic precision can be 
found throughout the 
entire line of HPIC 
satellite TV 
products which 
: include 
12/10.5 ff expanded 
mesh dishes, 
60/90/120cm offset 
dishes and feedhorns/ 
polarizers. Quality products 
are what you need, and 


what HPIC gives, we are 
waiting to hear from you. 


Manufacturer & Exporter 


No. 254, Chung Cheng Rd 
Lu-Jou Hsiang, 

Taipei, Taiwan. R.O.C. 

Tel: 886-2-2816636/8 

Fax: 886-2-2828180 

Tix: 33485 HPIC 


OEM PC Board Assembly 


Using Auto-Insert & Wave-Soldering Machine 


More detailed information available upon 
request. Get.in touch with us today! 


* Order of any Q'ty & any kind of electronics 
products are welcome 

* SKD/CKD PCB assembly, sub-assembly, 
SMT PCB Assembly finished products 

* Customers’ own designs are welcome 

* OEMs wanted 


Manufacturer & Exporter 
TACHAT INDUSTRIAL CO., LTD. 
No. 27, Lane 46, Chien Hsing Road, Chung-Li, Tao Yuan, 


Taiwan, R.O.C. Fax: 886-2-5057582. 
Tel: 886-2-5019747/8. Telex: 22965 TACHAICO 
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Your Source for 
Printed Circuit Boards 


Global PMX Co., Ltd. offers a wide range 
of double-sided and multi-layer printed 
circuit boards. Global PMX offers the highest 
standards of quality. Choose from surface 
mounting boards, solder reflow boards, 
hot air leveling boards, gold plating 
boards, and multilayer boards (up to six 
layers). All Global PMX products are UL 
approved. 


— ee 


WE GO THE 
EXTRA MILE 


GLOBAL PMX CO., LTD. 
12TH FL., NO. 689, CHUNG SHAN N. RD. 
SEC. 5, TAIPEI, TAIWAN. R.O.C. 
CABLE: “JCGLOBAL” TAIPEI 
TEL: 886-2-8356244 FAX: 886-2-8356254 
TLX: 17078 JCGLOBAL 


QUALITY & PRICE... 
GUARANTEED 


AUTO DIGITAL 
IMPEDANCE 


ORR vers 


@ TEST FREQUENCY 100/120 Hz, 1KHz 

@ FIVE DIGITS DISPLAY FOR L, C, R 

m FOUR DIGITS DISPLAY FOR D, Q, R 

@ AUTORANGING FUNCTION 

@ ZEROING FUNCTION 

m GPIB, HANDLER INTERFACE 

@ AUTOMATIC LIMIT COMPARISON & 
BINS FOR SORTING 


5 FL., NO. 4, LANE 130, MIN-CHUAN ROAD, 
HSIN-TIEN CITY, TAIPEI, TAIWAN, R.O.C. 
TEL: 886-2-9184650 FAX: 886-2-9184648 
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The Answe 


“Multi-Ch 


FEATURES: =" 

* Capable of programming 
EPROM 8BIT ICS (2716-27C101, 27C301) 
E2PROM (2804-28256, 2817, 58064, 
2B 13...) 
EPROM 16 BIT ICS (27C1024, 27102, 
27210) 
MCS-48 (8741-8750, 8741 H-8750H) 
MCS-51 (8751-8752) 
TEST SRAM (6616-62256) 
PAL (MMI A.B Type, NS, TI...6 OTHER 
RELATED 24 Pin) 

* Allows selection of Parameter, Vcc, Vpp, 

Tpw and mode. 
* Compiles HEX Format for Textronix, Intel, 


Singnetics, Motorola (%) S. 
* Can handle 2M-Bits, Debug, Code Edit. 
BAGENTS WELCOME!a 

ELECTRONIC CO., LTD. 

OFFICE and FACTORY: 

NO. 3, ALLEY 2, LANE 410, WEN HUA RD., 

SEC. 2, PANCHIAO, TAIWAN. R.O.C. 

Tel: 886-2-2533193-5 Fax: 886-2-2533125 

Tix: 15258 KW GROUP 


We have over 10 years of manufacturing 
experience, and our dynamic R&D team 
provides exceptional, -high-technology 
designs. We always provide strict quality 
control, prompt delivery, and our large 
production capacity allows us to offer our 
products at the most reasonable prices. 
Customers’ specifications and special designs 
are welcome. Contact us for more details. 


Main products: 
Connectors * Pin Header 

* D-Sub Series * Modular Jack 

* High Density Series Cables 

* IDC Series * Computer Cable 

* Centronics Series * Scart Audio/Video Cable 
* IEEE-488 Series * Multi-Scart Box 

* Mini-Din Series * Multi-Link Cable 

* Din Series RS-232 Adapters & 

* Dip Plug Series Gender Changers 


CHAANG WOEI CO., LTD. 

NO. 13, LANE 286, TA-TUNG RD. SEC. 1, 
SHIH-CHIH TAIPEI! 22101 TAIWAN. R.O.C. 
TEL: 886-2-6429189, 6422401 

FAX: 886-2-6422394 TLX: 32529 CHANWOE! 


* Female Header 
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ULTRA SMALL SIZE 
SIP/19x7.5x5 mm(W) 
DIP/19.5x7x5.5 mm(H) 
CONT. FORM / 1A. 1B. IC. 2A 


With more than 8 years experience, we 
supply the highest quality Reed relays at 
competitive price. 

We offer ultra-fast delivery-orders of up to 
10,000 pieces are filled in just one day. 


MANUFACTURER & EXPORTER 

KUAN HSI ELECTRONICS CO., LTD. 
P.O. Box 94-150, Taipei, Taiwan, R.O.C. 
Tel: 886-2-946-7741, 946-6051 

Fax: 886-2-9434304 


Here’s a reliable source for quality 
resistors, raw materials and turn-key plant 
projects. 
Contact us for details. 
RESISTOR PRODUCT 
1. Carbon Film (1/8W 
M Type Taping 
Package Available) 
. Metal Film (Up to 
0.05% Tolerance) 
. Cement SQP 
. Wire Wound ® 


CINETECH 


SYMBOL OF QUALITY 


_ Metal Oxide Film 
. Power Enamel 

. Zero Ohm 

. Jump Wire 

. Network 

. Chip Resistors 


TURN-KEY PLANT 
MACHINERY AVAILABLE 


Cinetech Industrial Co., Ltd. 


A RESISTOR MANUFACTURER SINCE 1973 

P.O. Box 16 — 315, Taipei, Taiwan, R.O.C. 

Office: 7F-1, 158, An Ho Rd., Taipei, Taiwan, R.O.C. 
Tel: 886-2-706-0594 Telex: 12496 CINETECH. 
Fax: 886-2-702-9267. Cable: CINETECH TAIPEI. 
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MAIN BOARD: 
CT-3000CI BABY AT-386 M/B, 
INTEL 80386-20 CPU, 20/24 MHZ, 0 WAIT 


CT-2400TI BIG AT-386 M/B, 


INTEL 80386-20 CPU, 20 MHZ, O WAIT, 


CT-1200VI BABY AT-286 M/B, 
INTEL 80286-10 CPU, 10/12 MHZ 


ADD ON CARDS: 

MGP, SPA, SPG, FDC, HFDC CONTROLLERS, 
VGA, EGA, MODEM. RAM CARDS FOR 
& YOUR IBM SYSTEMS USEFULLY. 


LONG RVER POCOCOSHSHSSOSSOSOOHOOUSSHOSOOOOOOOOCOOOCOOOE 


LONG RIVER INTERNATIONAL CO., LTD. 
CHIA KUO INDUSTRIES CO., 
P.O. BOX 5-368 TAIPEI, TAIWAN, R.O.C. 


FAX. 886-2-3058891 TEL, 886-2-3011150 
IBM PC AT/XT ARE THE REGISTERED TRADEMARKS. 


Sourcing for a reliable supplier of high-quality 
cable assemblies comes to an end once 
you've got MEC IMEX’s address! No matter 
what kind of cable assemblies your looking 
for. Worldwide known good quality, prompt 
deliveries, MEC IMEX reputation as Taiwan’s 
most professional UL RECOGNIZED AND 
CSA CERTIFIED WIRING HARNESS 
MANUFACTURER, to deal with MEC IMEX 
you don't have to worry the trouble with FCC! 
AC POWER CORDS got UL, CSA and VDE 
approved too! 


@S@eseeeeeeeeeeoeeoeeeeeeeeoeosoeeoeoeoeeead 
Contact: 


MEC IMEX INCORPORATED 

P.O.BOx 84-235 Taipei, Taiwan. R.O.C. 

Office: 6F, NO. 162, Chang An E. Rd. 
sec 2, Taipei, Taiwan. R.O.C. 

Tel: 886-2-7722594 Tix: 13860 MECEC 

Fax: 886-2-7217175 
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PC-BASED EMULATOR.. 


FRE RS EEN 

8048, 6805 P/U/R TYPE & WRITER CARD 

805 1/52/31/32, Z8 Family (86C21, 86E21...) 

e PC plug in card 

e Menu driven, Interactive command entry, 
User friendly 

e Hardware breakpoint 

e Symbolic Debugging 

Other: 68000 CPU Single Board, Learning Kit. 

& 320 


MICROTIME 
COMPUTER INC. 


ADD. 10FL., NO. 1180 CHEN DE RD. 
TAIPEI] TAIWAN R.O.C. 


TEL: 886-2-8811791 FAX: 886-2-8820836 


RESISTORS OF 
A SUPERIOR BREED 


We offer consistent and reliable quality 
and performance as demonstrated by the 
quality value and productivity awards 
Laurels has received from such major 
customers as GE and TI. In addition, our 
extensive experience enables us to 
provide dependable engineering services 
for Turn-Key Plants. 

ATTENTION: Due to our expanding 
business, Laurels’ 
headquarters is moving 
to a new location. 


5F, No. 9, Alley 6, Lane 45, Pao Hsing Rd. 
Hsin-Tien City, Taipei Hsien, Taiwan, R.O.C. 
Tel: 886-2-9130637 Fax: 886-2-9130626 
Tlx: 021-06217827 SHARP TOR 
051-265037 IPSA 
“ATTN: WTC TO LIDC” 
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Your LAN Deserves More 


Insert Enterprises, professional manfacturers 
and exporters of connectors, are ready to 
upgrade your local area network with 

~ TWINAX Series 

~— BNG Plug Terminator 

— ARCNET Passive Hubs 

— TNC Series 

— BNC Series . 


®@ Link up with the experts! @ 


1Fl, No. 13, Lane 312 Chung Cheng 
Road, Hsin-Tien City, Taipei Hsien, 
Taiwan R.O.C. 

Tel: 886-2-9148133 

Fax: 886-2-9146613 


Looking for Cables? 
Audio, Video and Computer 
Cables have been LONGWOVE's 
speciality for many years. 
OEM inquiries are cordially 
welcome 


Contact: 


P.0.Box 84-300 
4F., No. 7, Alley 42, Lane 35, Sec. 4 Jen-Ai Rd. 
Taipei, Taiwan, R.O.C. 
Tel: 886-2-751-0808 
Fax: 886-2-777-3693¢ 768-3000 
TIx: 10833 LICTWN 


45, Libertad St. Mandaluyong Metro Manila 
Philppines 
Tel: 77-447, 70-4902, 78-4696 
Fax: 632-79-7320 
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FOR RS232 ADAPTER 
IN TAIWAN 


We Are Your Ultimate Source 


As a specialist manufacturer of RS232 
adapter series in Taiwan, we totally 
understand how important strict QC and 
competitive price are to our clients. 
Processing every production operation in- 
house allows us to fulfill your needs 
consistently. Our product lines also 
include cables, connectors and all types 
of adapters. Customers’ designs and 
specifications are welcome. 

If you want to do sourcing in Taiwan, try 
us. You will find us your ultimate source. 
Contact us for full details now. 


3FI., No. 36, Lane 418, Chengten Road, Taipei, Taiwan, R.O.C. 
P.O. Box 61-108, Taipei, Tel: 886-2-5919828. Fax: 886-2-5915396. 


YOUR RELIABLE SOURCE FOR 
TRANSFORMERS 


® CHOKE COILS — COATED AND MOLDED 
(SHIELDED OR UNSHIELDED) 

¢ CHIP INDUCTORS 

® COMMON MODE FILTERS 

© SWITCHING MODE TRANSFORMERS 

¢ DRIVER TRANSFORMERS 

¢ TOROIDAL COILS 

¢ LINEARITY COILS 

¢ HORIZONTIAL WIDTH COILS 

¢ SHIELD BEADS 


OUR COMPLETE RESEARCH AND 
DEVELOPMENT FACILITY OVER 18 
YEARS EXPERIENCE ARE AVAILABLE 
FOR YOUR CUSTOM REQUIREMENTS. 


4F, NO. 48, MIN CHUAN RD., HSIN TIEN 
TAIPEI! HSIEN, TAIWAN. R.O.C. 

TEL: 886-2-9147685-9 TLX: 32260 AZFEC 
FAX: 886-2-9186304 
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YOUR BEST CHOICE OF FAN!!! 


Reliable, maintenance-free, low-noise. Sunon 
fans come in a wide range of sizes, speeds 
and voltages. Sunon’s monthly output of 
quality AC axial and DC brushless fan is 
500,000 pcs for over 50 different models, all 
with 12 months guarantee against defects in 
parts or workmanship. 


‘6 SUNN — 


A SPECIALIST MANUFACTURER 


Sunonwealth Electric Machine 
industry Co., Ltd. 

149 Yi Yung Road, Ling Ya DT. 

Kaohsiung, Taiwan. R.O.C. 

P.O. BOX: 1436 Kaohsiung, Taiwan. R.O.C. 

Tlx: 73436 SUNON Fax: 886-7-7434953 

Tel: 886-7-7426193 (5 lines) 


Connector & Cable For 


Professional Purpose 


@ Talking about highly reliable Audio & 
Video connecting cables means talking 
about Tsay-E. 

Tsay-E stands for professional 
manufacturing, outstanding quality 
standards and innovative products. 

We have full range quality cables, 
plugs, jacks, adapters, connectors to 
meet your need. What's more Tsay-E 
with technical background, reasonable 
price, fast delivery, various packaging 
options is your best partner to face the 
booming market. 


For detailed broschures and further 
information contact. 


TSAY-E INTERNATIONAL INC. 
6 FL-3, NO. 333, FU-HSING N. ROAD, TAIPEI, TAIWAN, 
R.0.C. P.O. BOX 101-078 TAIPEI, TAIWAN 
TLX: 12260 TSAYE CABLE: “TSAYE” TAIPEI 
TEL: 886-2-7139374/5 FAX: 886-2-7169386 
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SOURCING PCBs? 


PcBs TO YOUR SPECIFICATIONS 


Start Electronics Co., Ltd. is the custom 
design and manufacturing expert. Contact us 
for all types of single-layer, double-sided, and 
multi-layer boards now. 


@ WELCOME OEM! 
AGENT WANTED! a 


START ELECTRONICS CO., LTD. 


OFFICE: 11, LANE 190, KEELUNG ROAD, SEC. 1, 
TAIPEI, TAIWAN, R.O.C. 
TEL: 886-2-7607718 FAX: 886-2-7669148 
FACTORY: 69, CHAR CHUAN RD. KUEI SHAN HSIANG 
TAO YUAN HSIEN, TAIWAN, R.O.C. 
TEL: 886-3-3295246, 3292090, 3296101, 3298936 
FAX: 886-3-3298162 


We offer both Axial Type And Radial Type 
Multilayer Ceramic Capacitor with a wide 
capacitance range of 1pF-1UF in Bulk, T/Box 
and T/Reel packages. Competitive prices and 
reliable quality are guaranteed. Send for a 
detailed catalog today! 


1m 
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Commnic ep ALLEE 48. No.: 80 
HOSONIC ELECTRONIC CoO., LTD. 


23-1, Lane 84, Chung Ying St., Shulin Chen, Taipei Hsien, 
Taiwan 23804, R.0.C. Tel: 886-2-6838581 Tix: 32509 


Fax: 886-2-6816456, 886-2-6824634 
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SINCE 1973 


COMPUTER & 
TELECOM SERVICE KIT 


FROM LARGEST PROFESSIONAL 
KIT MANUFACTURE IN EAST ASIA 
CSK-72 contain: 

@ Digital multimeter 
@ Anti-static wrist strap 

m Anti-static IC inserter 

m IC extracer & square IC extracer 

@ Multiple extension screwdriver series 

@ Solder iron 

& 

B 

a 


Anti-static desoldering pump 

Spare parts tube 

Lead cutter 
m Needle nose plier 
@ Key cap puller with cleaning brush 
m@ Safty wire stripper with cutter & crimp 
OTHER 10 ITEMS ARE ALSO AVAILABLE, 
DETAILED BROCHURES UPON REQUEST 


CHAN CHING INDUSTRIAL CORP. 
81, Cheng Kung Road, Sec. 5, Nei Hu, Taipei 11418, 
Taiwan; R.O.C. TLX: 28361 THREEICS 

TEL: 886-2-747 39 36 FAX: 886-2-747 11 55 
COMDEX ’89 NOV 13-17 

T1209 TROPICANA HOTEL, LAS VEGAS 


HEAT SINK Made with 
16 years experience 


HPIC is a specialist manufacturer of 
aluminum products since 1972. Our 16 
years of experience and integrated 
production guarantee you the best price, 
quality products and prompt delivery. 
Many world-known makers of household 
electronic/electric appliances, computers 
etc. purchase their heat sinks, front 
panels and aluminum parts from HPIC. 
We also manufacture satellite dish 
antennas. Your inquiries are most welcome. 


Manufacturer & Exporter 


HWANG PIIN IND. CO., LTD. 
No. 254, Chung Cheng Rd., Lu-Jou Hsiang, 
Taipei, Taiwan. R.O.C. 

Tel: 886-2-2816636/8 Fax: 886-2-2828180 
Tix: 33485 HPIC 
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LABTOOL SERIES PROGRAMMER CARD 
FOR IBM PC/XTIAT 
AND COMPATIBLES 


UNIVERSAL PROGRAMMER SUPPORT 

UP TO 40 PIN DEVICE 

E/EEPROM. SINGLE CHIP, BIPOLAR PROM 
PAL. EDLP. GAL PEER DEVICE 

DATA I/O COMMAND SET COMPATIBLE 


E/EIEPROM & GANG PROGRAMMER 
2M BIT DEVICE SUPPORT 


SINGLE CHIP MCU PROGRAMMER 


SZ 
oP XENDER CORP. 


2nd F1., No. 1172, Cheng Ten Rd., Taipei, Taiwan, R.O.C. 
Fax: 886-2-8824491 Tel: (02)882-4488 Telex: 10170 XENDER 


LOGIC ANALYZER | 


System Features 
m Runs on PC: Drives HGA, CGA, EGA, VGA, 


and MCGA 
m Up to 24 timing/state data channels, 2045 


bits/channel 

m Sample rate up to 100 MHz asynchronous, 
25MHz sync 

mw Over 4000 multilevel combinational 


trigger conditions 
@ Data qualification with 8 channels qualifier 


m Easy-to-use menu-driven system software 
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TELEPHONE REMOTE 
SYSTEM 


* Both remote & touch functions operate 
simultaneously 

* On/Off switches: Available in 4-step & 
No-step 

* 20,000 Security numbers for choice 

Add ‘Telephone Remote” to the phones so 

that one can call home from outside to 

control switches of lighting, electrical 

appliances, cookers, washing machines and 

air conditioners. Send for 


more details. 
PATENT NO-43248 


Export Agent 


P.O. Box 96-166 Taipei, Taiwan. R.O.C. 
Office: 3/F, No. 381, Sec. 2, Fu Hsing S. Road, Taipei, 
Taiwan. R.O.C. 

Tel: 886-2-7328901, 7356164 Fax: 886-2-7351596 


Componic 89 Paris 
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Booth No. 97 


& AGENT WANTED @ 


SUPERC OM: is one of the largest 
resistor manufacturers in Asia. We 


constantly deliver over 450 million 
resistors to those multi-billion U.S. 
companies monthly. 


We are looking for responsible agents in 
* European * Middle East 
countries * Other countries 


Products: 
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CONTACT US FOR 
TOP-QUALITY DIODES 
& RECTIFIERS 


We produce a wide range of high quality 
diodes and rectifiers. Full automation 
enables us to manufacture low current bridge 
rectifiers at a rate of 2 million per month 
power bridge rectifiers at 1 million per month 
and 30 million axial lead diodes per month. 
We are also able to provide engineering 
consulting service. Contact us today for more 


Agents Wanted f 2 
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14-1, Tai Ji Rd., Hsiao Kang Dist., Kaohsiung, 
Taiwan. R.O.C. Tel: 886-7-8023890, 8030107 
Tix: 71336 KAHSMELT Fax: 886-7-8023884 


IC TEST HANDLER 


Easily fitting for IC Tester Instru- 
ment or Equipment, Any Universal 
programmers 


The Test Handler is a high speed, ver- 
satile Handler that is dedicated to DIP- 
Package types. Its simple, compact table- 
top design maximizes ease of operation 
with minimum work space. 


@ Dimensions: 
8.5” Width x 19.7” Hight x 16.5” Deep 


@ Weight: 5.45 LBS 

™ Specially designed for P-DIP/C-DIP pack- 
ages of 300/600 mils, 0 to 40 leads 

@ INTERFACE SIGNAL: START TEST, 
EOT, RETEST. 


@ User-definable color set 
m Quick search and fast data digolay in 
TIMING/LIST mode 


COMDEX SHOW 
BOOTH NO. TSO09 


* Carbon Film Resistor 
* Wire Wound Resistor 
Hybrid ICs & Others 


* Resistor Network 
* Chip Resistor 
* Metal Film Resistor * 


Please contact component sales mgr. 


P.O. Box 26-1084 Taipei, Taiwan, R.O.C. 
Tel: 886-2-7077047 Fax: 886-2-7089936 
Tix: 24317 SUPEROHM 


16-6, NO. 750, TUN HWA S. RD., TAIPEI, TAIWAN, R.O.C. 
TEL: 886-2-7003703 FAX: 886-2-7062739 

U.S.A. Office: 568 45th Street Bay Ridge, NY 11220 
TEL: 718-8544864 FAX: 718-8544826 


1 Fl, 24, Alley 130, Ho Chiang St. Taipei, Taiwan, R.O.C. 
TEL: 886-2-5017790, 5054820 FAX: 886-2-5054820 
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SMD CHIP CAPACITORS 
MULTILAYER CERAMIC 


CAPACITORS 


Product Lines: 

@ Chip Capacitors with Nickel Barrier 
Terminations & High Voltage Capacitors 

m Axial-Leaded, Epoxy-Coated Capacitors 

@ Radial-Leaded, Epoxy- Dipped Capacitors 

@ Capacitor Networks 


Sales Representative Wanted 


i 
MIRAMAR ELECTRONICS, CO., LTD. 


16 YONG-HSING RD., NANTOU, 54012 TAIWAN R.O.C. 
Fax: 886-49-250336 Tel: 886-49-252816 Tlx: 56270 MEC 


MIRAMAR DIELECTRIC LAB. 


14841-A, PROCTOR AVE., CITY OF INDUSTRY, 
CA 91746 U.S.A. _ 
Fax: 818-336-0867 Tel: 818-333-2536 


Cable assemblies and Connectors has 
been DAEC’s business for more than seven 
years. Backed by solid experience, we're 
continuously upgrading our products; most 
of connectors are UL approved. Local 
companies and internationally renowned 
manufacturers rely-on our consistently high 
quality and prompt deliveries. DAEC is 
heavily investing in R&D and state-of-the-art 
automated production equipment to provide 
customers with superior cable and connectors 
at even more competitive prices. 


We'll welcome your inquiry for.... 


CONNECTORS: 

* 1.27, 2.0 & 2.54mm Center Pin Header & 
2.54mm P.C. Board Socket 

* Two Circuit Shunt or Jumper 

* DIN 41612 Connector 

* IC Socket Machined Pin & PGA Socket 
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CONNECTORS & CABLE ASSEMBLY 


As to we have variety of molded hoods, included of D-Sub., Centronics and Din 
connectors for our round cable ass’y, so that you can choose on your request. 
And you just have to tell us the specification which you want, then we will provide 


our best service to you. 


We have ability to develop new special products (OEM designs). With professional 
knowledge and strict management, HORATIAN is your best partner in development 
projects and our experienced design group is ready to meet you needs. 


HB CONTACT US TODAY FOR FREE 40 PAGES CATALOG 


© 


FAX: 886-2-9175962 


* Plastic Leadless Chip Carrier (PLCC) 

* 1.27mm Center Ribbon Cable Connector 

* D-Sub Connector 

* High-Density D-Sub Connector & Dual Port 

* Wafer & Housing 2.50, 2.54 & 3.96mm Center 

* Centronics Connector or 57 Series 

CABLE ASSEMBLIES: 

* Flat Cable Ass’y 

* IBM PC XT/AT, PS/2 Compatible Cable 

* APPLE System Cable — SCSI, APPLE TALK, 
Mac. & Mac. Plus Cable 


ADAPTORS: 
* D-Sub Gender Changer, Null Modem & 


Port Adaptor * RCA Adaptor 
* IBM PS/2 Keyboard Adaptor 


AS PDOSSSSSSSSSSSSSSSSSSSSSSSSOSHSSSSSSSSSOSCE 


DAVID ELECTRONICS Co., LTD. 
Mai] Add.: P.O.Box 16-420 Taipei, Taiwan, R.O.C. 
Tel:886-2-5060777 Tix:10161 DAEC Fax:886-2-5072766 


All brand names are trademarks of their respective owners. 
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HORATIAN ENTERPRISE LTD. 


P.O. Box 29-351 Taipei, Taiwan, R.O.C. 
TEL: 886-2-9175954 TLX: 35318 Horatian 


OEMs are welcome 


FEATURES 
* Designed to meet UL, CSA, VDE and 
IEC safety standards 

* Built-in EMI filter 

* High efficiency bas @ ww 
E124893 LR65166M45 R84026 

* 100% burn-in Ceccccccccccccccccocccocs 

* Dual input voltage 115/230 VAC 

* Input surge current protection 

* Overvoltage protection 

* Overcurrent protection 

* Power good signal 

* Fully enclosed 

OEM business and cutomers’ 

designs are welcome, please contact 

us for details. 


Manufacturer & Exporter 


POWER LIGHT 


INTERNATIONAL CORP. 
P.O. Box 1095, Kaohsiung 80099, Taiwan, R.O.C. 
Head Office: 9F-8, No. 461, Chung Shan 2nd Rd. 
Kaohsiung 80207, Taiwan, R.O.C. Tel: 886-7-3326997 
Tix: 73451 POWERFUL Fax: 886-7-3321975 
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Choose Your Partner Well- 
Lean on USI 


Benefit from USI’s experience and sophisticated techniques in producing thick film 
hybrids and SMT boards! If you're looking for highly reliable components such as 
Crystal Oscillators including TTL, Dual Phase Output, ECL, Enable/Disable CMOS and 
High Speed CMOS 

Solid State Relays & I/O Modules with Load Current Ranges from 0.5 to 40 Amp 
Resistor/Resistor Capacitor Networks in SIP/DIP types, meeting the MIL-R-83401 
standard 

Automative Parts with Solid Negative Ground 

Custom Designed Hybrids 

USI is the most proficient partner you can possibly find. 
Contact us for detailed catalogs and best quotations today. 


_ UNIVERSAL SCIENTIFIC INDUSTRIAL CO., LTD. 


141, LANE 351, TAIPING ROAD, SEC. 1, TSAO TUEN NAN TOU HSIEN, 


RAPIFAX: 886-49-329561 TLX: 51598 UNSIC TEL: 886-49-325876 
CIRCLE NO 178 


TAIWAN, R.OC. 


American engineers in Japan: 


Same profession, different world 


Article and photographs by 


Gary Legg, Special Projects Editor 


No matter what she does in the 
plant where she works or in the 
town where she lives, Tektronix en- 
gineer Karen Keough stands apart 
from the crowd. It isn’t simply be- 
cause she’s a good engineer, or that 
she works in a male-dominated 
field. Mostly, she stands apart from 
her crowd because her face is the 
only one that isn’t Japanese. 

Karen-san, as she’s known to her 
coworkers, works in Japan as a par- 
ticipant in an engineering-exchange 
program between Oregon- 
based Tektronix and NEC 
Toyama Ltd, a small sub- 
sidiary of the giant Japa- 
nese NEC Corporation. She 
and fellow Tektronix engi- 
neer Hiroaki MHayashiga- 
tani, an American of Japa- 
nese descent, are now wrap- 
ping up a six-month assign- 
ment that has taken them 
from one side of the Pacific 
to the other. Their assign- 
ment began with two 
months of intensive lan- 
guage study, followed by 
four months of engineering 
work. 

NEC Toyama is located in 
the town of Nyuzen in the 
prefecture of Toyama. A 
coastal town of about 30,000 
people located some 200 
miles across the island of 


Honshu from Tokyo, Nyuzen is nes- 
tled between the Sea of Japan on 
its northern edge and the Japanese 
Alps to the south. NEC Toyama is 


American engineer Karen Keough, on assign- 
ment in Japan, discusses a circuit-board flaw with 
a colleague. 


primarily a producer of pce boards, 
as is the Tektronix plant at Forest 
Grove, Oregon, where the two 
American engineers will soon re- 
sume working. The exchange pro- 
gram was initiated in 1985 by Gene 
Hendrickson, manager of the For- 
est Grove facility, and Dr Shinichi 
Koyanagi, president of NEC 
Toyama. 

Although the Americans’ work 


This article is the second in a seres 
about engineering in Asia. It’s the first 
of two articles about American engi- 
neers living and working in Japan. 
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duties at NEC differ little from 
their usual responsibilities at 
Tektronix, work conditions are an- 
other matter. Like most engineers 
in Japan, Keough and Hayashiga- 
tani work six days a week, usually 
from eight in the morning until ten 
at night. They wear uniforms. They 
get up from their desks twice a day 
and exercise to piped-in music. And 
at least once a week, on average, 
they go out with their colleagues 
for an evening of drinking. Keough 
is the only woman in the group; two 
women engineers from Tektronix 
completed exchange assignments 
earlier. Female Japanese engineers 
are rare. 

The two Americans begin their 
workday by changing their shoes 
and putting on their NEC-supplied 
uniform shirts. There’s an NEC 
logo on each shirt, and each worker 
wears a name badge and a button 
that bears the day’s safety slogan. . 

The office where the two ex- 
changers work is like most engi- 


neering offices in Japan, with rows 
of desks in a large open space. The 
arrangement of desks is hierarchi- 
cal: supervisors look out over their 
engineers; the kacho, or section 
manager, watches the engineers as 
well as the supervisors; the bucho 
(engineering manager) watches all 
the engineers, the supervisors, and 
the kacho. Everyone can tell, sim- 
ply by looking, his or her place in 
the pecking order. 

Still, says Mary Mbollison, a 
Tektronix engineer who worked in 
Japan in 1987, the structure is not 
as daunting as it may sound. “You 
know what your place is,” she says, 
“and in some cases that’s really 
nice, because there’s no question, 
no ambiguity.” 

But if there’s no question about 
your place, there’s also no question- 
ing of authority. When a kacho has 


Kunihiko Suzuki, engineering manager at NEC 
Toyama, gives a word of advice to American engi- 
neers Karen Keough and Hiroaki Hayashigatani. 
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criticism for a junior engineer, ex- 
plains Sue Galatz, a Tektronix ex- 
changer who previously worked in 
Japan, the discussion is completely 
one-sided. The kacho calls the engi- 
neer up to his desk, and the engi- 
neer stands there, hands behind his 
back, looking down at the floor, 
while the kacho berates him, often 
shaking a finger in his face. It is 
unthinkable for an engineer to at- 
tempt a rebuttal, even when he’s 
not at fault. 

In one instance observed by 
Galatz and fellow engineer Ross 
McLaughlin, a Japanese coworker 
remained at work all night to repair 
some malfunctioning equipment and 
then, not having had time to go 
home for a clean shirt, was berated 
in the morning by his supervisor for 
being dirty. The weary engineer 
was shaking, says Galatz. “They re- 
ally know how to intimidate,” adds 
McLaughlin. What’s more, the su- 
pervisor who did the intimidating 
had to endure a tongue-lashing him- 
self from his manager. He is respon- 
sible for everyone in his group, and 
one of his group had failed to meas- 
ure up. 

Needless to say, such behavior 
cultivates fear. Mollison recalls 
walking down the hall one day with 
an engineer coworker when the 
bucho stopped them to ask a ques- 
tion. Mollison, like most Americans 
would, faced the bucho and made 
direct eye contact, but her co- 
worker—under most circumstances 
“almost as confident as an Amer- 
ican”—dropped his gaze to the floor 
and “broke out in a sweat, bigger 
than life.” Before the short meeting 
was over, Mollison says, the engi- 
neer was mopping sweat from his 
face with his handkerchief. 

But despite the rigorous environ- 
ment, there’s a certain camaraderie 
in the NEC Toyama engineering 
department, a kind of esprit de 
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hours a day, six days a week. 


corps not unlike that of an army 
unit with a tough, but fair, ser- 
geant. In fact, since Japanese engi- 
neers get promoted almost entirely 
according to seniority for the first 
10 or 15 years of their careers, all 
those within a certain age group— 
not unlike a group of privates or 
corporals—are treated virtually 
identically. 

NEC Toyama’s tough but fair 
“sergeant” is Kunihiko Suzuki, the 
43-year-old bucho. Military-trim, 
Suzuki has a no-nonsense attitude 
but projects personal warmth after 
hours. And it is after hours, in the 
ritual drinking sessions with col- 


leagues, that Japanese engineers 


get a chance to vent some steam. 
“It’s a time when you can talk 
frankly with your boss over a couple 
of drinks,” says McLaughlin, “and 
then the next day you can just go 
into work and say, ‘Oh, I may have 
said some bad things last night. I 
drank too much,’ ” Galatz concurs. 


n Japan usually work 14 


“It’s a given in their society that if 
you drink you can say whatever you 
want.” 

And they drink a lot, according 
to McLaughlin, because heavy 
drinking doesn’t have the stigma in 
Japan that it does elsewhere. Fur- 
thermore, he says, you have to go 
along with the drinking or else miss 
out on the social interaction that ex- 
ists in the after-hours sessions but 
is missing in the confined and very 
proper work environment. As 
Galatz discovered, joking around on 
the job is frowned upon. Having re- 
ceived a humorous fax from a 
Tektronix colleague, she laughed 
out loud as she read it at her desk 
until she glanced up and noticed 
everyone staring at her. Then she 
realized: “Oh, I’m not supposed to 
laugh. I’m at work.” 

But the drinking sessions serve 
as more than just a safety valve; 
they’re also part of the famed Japa- 
nese process of consensus decision 
making. In the relaxed, free-wheel- 
ing atmosphere, engineers and 
managers alike become aware of 
their colleagues’ honne, or true feel- 
ings, about different work-related 
issues. Sometimes problems get 
hashed out and decisions actually 
made over drinks; at other times, 
the sessions are merely a starting 
point for seeking agreement. In 
either case, the desire for har- 
mony—a firmly entrenched and 
highly characteristic feature of 
Japanese society—underlies even 
the raucous celebration of a night 
on the town. 

Suzuki explains, however, that 
while the result of consensus build- 
ing is harmony, the process of 
reaching a consensus is often much 
less harmonious. There are plenty 
of “hot” meetings, he says, that pre- 
cede the official meetings in which 
decisions are formalized. 

“There’s a lot of hashing back and 
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Tektronix engineer Hiroaki Hayashigatani is a 
Nisei, an American whose parents were born in 
Japan. Although he was already fluent in everyday 
Japanese, he had to acquire a new technical vo- 
cabulary for his work at NEC. 
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forth,” agrees McLaughlin, and 
there is a lot of input to decisions. 
“They're not made in a vacuum,” 
he notes. McLaughlin continues: “A 
decision, say, that involves a cer- 
tain manufacturing area will have 
representation from management, 
engineers, and people that work on 
the equipment daily, to mainte- 
nance __ technicians—all _levels.” 

But, say McLaughlin and other 
Tektronix engineers, the hierarchi- 
cal structure of Japanese companies 
also comes into play in decision 
making; decisions are not entirely 
the result of consensus, because 
they do go up the chain of command 
for approval, and sometimes they 
actually emanate from somewhere 
up the chain. Hidebumi Ohnuki, an 
NEC engineering manager who 
worked at Tektronix as an ex- 
changer in 1986, concurs: “We have 
two styles of management, top- 
down and bottom-up.” But however 
a decision is made, he says, “it’s 
always very clear which way we 
should go.” 

It’s not always clear after a meet- 
ing of Americans, though, say 
Ohnuki and Yutaka Makino, an 
NEC engineer who completed an 
exchange assignment at Tektronix 
a year ago. “They have so many 
opinions,” Ohnuki says, “and some- 
times they cannot decide which way 
is best.” For Makino, the American 
meetings were so overwhelming, 
with all the participants engaged in 
simultaneous, rapid-fire talking, 
that he could only sit back and 
watch in bemused wonderment. 
Engineering manager Suzuki actu- 
ally thought the first meeting he at- 
tended in the United States, 18 
years ago, might result in a fight; 
he marveled when the participants 
left their disputes behind them and 
walked away in good spirits. 

Compared with American meet- 
ings, the Tektronix engineers found 


NEC meetings formal and tame. No 
one ever brings food or drink to a 
meeting; at daily briefings, partici- 
pants don’t even sit. The meetings 
are much more focused, and atten- 
dees are much more willing than 
Americans to be followers rather 
than leaders. 

Indeed, there is a strong, overall 
cultural pressure in Japan not only 
to be a good follower but—even 
more significant—to avoid any be- 
havior that attracts attention. 
There’s a frequently quoted saying: 
The nail that sticks up gets ham- 
mered down. 

For engineers, there’s little in- 
centive to get attention anyway, 
since promotions for younger engi- 
neers are based solely on seniority. 
“You know when you come here,” 
says Keough, “that you’re going to 
be a freshman engineer for so long, 
and then you’re going to move into 
more responsibility, whereas. in 
America I might think as soon as I 
[begin a job] that if I do something 
fantastic ’'m going to move right 
up.” There’s very little reason for 
a Japanese engineer to even com- 
pile a resume. Job changes are rare; 
most engineers spend their entire 
professional lives at one company. 

But Hayashigatani notes that 
Japanese engineers get rewarded 
for being good followers, so they 
don’t really need to be leaders. The 
result, he says, is that you can 
gauge a person’s level of seniority 
even by his actions. “They tend to 
have more humility if they’re 
lower,” he comments. “It’s evident 
from the respect they show their 
elders.” 

Japanese engineers returning 
from an extended assignment in 
America are not so humble, appar- 
ently. They’re “aggressive,” says 
bucho Suzuki, to which Keough re- 
sponds with “assertive” as a possi- 
bly more accurate description. “Ag- 
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If there’s no que 1 
in the hierarchy, th 


gressive!” insists Suzuki, and they 
laugh. 

“They’re tigers,” agrees Mollison, 
who observed some returning Japa- 
nese engineers during her NEC as- 
signment. The difference between 
those who have worked abroad and 
those who haven’t is remarkable, 
she says. Mollison wonders, though, 
whether the newly confident travel- 
ers will eventually get hammered 
down like the proverbial nail. Engi- 


neering manager Suzuki, however, — 


claims to have no problem with ag- 
gressive attitudes as long as every- 
one goes along with decisions once 
they’re made. And do the returning 
Japanese engineers go along? “Of 
course,” he insists. “Yes, they do.” 

But whatever problems may 
arise on a return from abroad, an 
assignment in the United States is 
still a feather in an engineer’s cap, 
according to Mollison. With promo- 
tions based mainly on seniority, a 
foreign assignment might not be ac- 
companied by an official rise in 
status, but it’s nevertheless indica- 
tive of an engineer’s presence on 
the fast track. 

The engineer probably has no say 
about his assignment, however, 
either in requesting it or in deciding 
whether or not to accept it. Man- 
agement decides who will be trans- 
ferred, within or without Japan, 
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ion 


questioning of 


and the selected engineer merely 
complies. Furthermore, when Japa- 
nese engineers get transferred, 
their families seldom move with 
them. Prolonged separations, some 
lasting several years, are common. 
Suzuki, for example, has lived alone 
in Nyuzen for the past four years; 
he visits his wife and children, who 
live near Tokyo, about once a 
month. 

As the Tektronix engineers ob- 
served, Japanese engineers’ lives 
differ from Americans’ in other 
ways, too. A central difference is 
that the Japanese are much more 
likely to be technical generalists, a 
fact which has _ ramifications 
throughout their careers. They be- 
gin with a broad engineering educa- 
tion that offers much less of an op- 
portunity to specialize than Ameri- 
can curricula do; their general edu- 
cation continues after graduation at 
the company where they choose to 
work. 

Over a period of several years, 
new engineers complete a variety 
of assignments in various technical 
areas. Company managers deter- 
mine the assignments of individual 
engineers and, ultimately, what 
each engineer’s specialty will be. 
This approach offers the advantage, 
most Japanese engineers believe, of 
providing broad experience that’s 


helpful—and, to the Japanese way 
of thinking, almost indispensable— 
when an engineer moves into man- 
agement. 

In keeping with the concept of 
strong management, design engi- 
neers are closely supervised. Man- 
agers continually look over design- 
ers’ shoulders, says McLaughlin, 
but they are always well qualified 
to do so, having come up through 
the technical ranks themselves. 
Further, the close supervision 
merely accompanies the process of 
consensus decision making; it does 
not reflect lack of trust in the de- 
signers. “There’s a lot of room for 
individual creativity. You're not 
given free rein, but you are given 
a long leash,” McLaughlin says. 
And, says Mollison, “If you look at 
[the equipment they design], you 
would say they’re being very crea- 
tive.” 

Mollison performed some creative . 
work herself during her NEC as- 
signment. Engineering manager 
Suzuki recalls her being “very 
clever—almost too smart for me!” 
But even though Mollison feels her 
Japanese coworkers bent over 
backwards to accept her not as a 
woman engineer, but simply as an 
engineer, she says there were gen- 
der barriers to overcome neverthe- 
less. Whether in Japan or the 
United States, she asserts, women 
engineers often have to disprove 
the tacit assumption that because 
they’re female they’re not techni- 
cally astute. 

Cultural differences, rather than 
outward discrimination, were what 
Galatz grappled with during her 
stint at NEC. Japanese men simply 
don’t know how to talk with 
women, Galatz maintains, espe- 
cially women of equal professional 
stature, a rarity in Japan. Galatz 
often felt excluded from conversa- 
tions; if she attempted to start one 
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It is after hours, nh 
with colleagues, that Japa 
get a chance to vent some steam. 


Exchange engineer Sue Galatz shares after- 
hours drinks and fun with NEC coworkers. (Photo 
courtesy Sue Galatz) 
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herself, she frequently got only one- 
word replies. But, she notes, “I 
didn’t ever feel that somebody 
didn’t want to work with me be- 
cause I was a woman.” And, Galatz 
adds, “In America, I’ve been dis- 
criminated against as a woman in 
the workplace much more than I 
was over in Japan. I’ve had summer 
jobs where people would say really 
rude things, which never happens 
in Japan.” 

The Japanese electronics indus- 
try’s long workdays, of course, are 
completely nondiscriminatory—all 
engineers and managers have them. 
At NEC Toyama, Galatz says, 
“There’s a huge social pressure. If 
the person sitting next to you is 
staying and working late, you bet- 
ter be there, too. If the boss is 
working late that night, and he sees 
that that person is there and you’re 
not, formally there’s no mark 
against you, but informally there 
is.” 

In order to make it through their 
14-hour days, Japanese engineers 
pace themselves, Tektronix ex- 
changers say, and the result is inef- 


drinking sessions 
nese engineers 


ficiency. “We are much more effi- 
cient during the time we’re at work 
than they are over there,’ com- 
ments Mollison. McLaughlin adds 
that Japanese engineers he worked 
with often mentioned feeling 
burned out from the constant pres- 
sure of deadlines and long hours, 
and that they candidly admitted 
making “dumb” mistakes and not 
working creatively. 

The burn-out problem hasn’t 
gone unnoticed, however. “The 
bucho of engineering talked to us,” 
Galatz explains, “and said, ‘Look, | 
we realize in Japan people work 
very hard and they work long 
hours, and we are trying to control 
that.’” So the first Wednesday of 
every month, continues Galatz, 
“they have the you-must-go-home 
day—no overtime. At 4:45, this 
woman comes on over the speaker 
and says, ‘It’s no-overtime day; you 
have to go home at 5:15.’ ” 

Japanese engineers do get paid 
for overtime work, though. They 
also get substantial bonuses. Molli- 
son and Galatz, who as Tektronix 
employees remained on its payroll 
during their stints at NEC, ex- 
changed pay information with Japa- 
nese colleagues and found that their 
compensation was virtually the 
same after overtime pay and bo- 
nuses were added and taxes were 
deducted. And although it hasn’t 
yet had a major impact, there is a 
growing trend in Japan to shorten 
workdays and to adopt a five-day 
work week. As the country’s export 
markets mature or face possible re- 
strictions by foreign governments, 
there is increasing incentive to give 
citizens more leisure time for spend- 
ing money and stimulating Japan’s 
domestic economy. 

For Americans working in Japan, 
the long work days and _ highly 
structured work environment are 
the two greatest barriers to job sat- 
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V.27ter, V.21 channel 2, V.23 backward channel, V.21 
and Bell 103 standards. It’s compatible with industry- 
standard chip sets and has been tested on both 
domestic and international telephone lines. 
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You'll be favored to win with Mizar’s MZ 7170, the VME 
processor with triple crown features. With the power of 
SPARC™ and the speed of zero wait-state SRAM, the 
MZ 7170 lets you run your application in record time. All 
for a price that keeps you on track. 

The MZ 7170 was bred for demanding applications: a 
SPARC CPU at up to 25 MHz (15 MIPS), one MB of fast 
SRAM, up to four MB of EPROM, two RS-232 serial ports, 
mailbox interrupts, real-time clock, and optional T.!. 8847 
FPU. And, the MZ 7170 is supported by a complete real- 
time operating system and UNIX°-based development tools. 

Race into the homestretch with Mizar’s thoroughbred, 
the MZ 7170. Call today. 1-800-635-0200. 


Mizar. The shortest distance between concept and reality. 


1419 Dunn Drive « Carrollton, TX 75006 « (214) 446-2664 


SPARC is a trademark of Sun Microsystems, Inc. UNIX is a registered trademark of AT&T. ©1989, Mizar, Inc. 
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DID YOU KNOW? 


EDN serves 


electronic engineers and 


engineering managers in more than 
100 countries worldwide. 


EDIN 


isfaction. Outside the office, there 
is the additional stress of adjusting 
to cultural attitudes that are prob- 
ably as different from American 
customs as any in the industrialized 
world. Some Japanese even exhibit 
blatant discrimination toward 
gain (foreigners), a not unex- 
pected result in a society as racially 
and culturally homogeneous as Ja- 
pan’s. 

But Tektronix exchange engi- 
neers say discrimination is not a 
constant problem, and cultural diffi- 
culties are largely a result of unfa- 
miliarity; Japanese who have had 
extensive contact with Americans 
tend to be friendlier and much more 
communicative. In general, the ex- 
changers say, Japanese are very 
warm, although they may be re- 
served in displaying that warmth 
until they get to know someone 
well. 

Mostly, say the Tektronix engi- 
neers, working in Japan provides 
an opportunity to gain new perspec- 
tives. Indeed, the main objective of 
the exchange program, according to 
Mollison, is to “grow people into 
global thinkers, to make them more 
far reaching in the way they look 
at things.” Without exception, the 
exchangers agree that the program 
achieves that objective. 


In the next issue of EDN: Life in 
Japan outside the office. 


Article Interest Quotient 
(Circle One) 
High 518 Medium 519 Low 520 
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Its happened to all of us. 

That sinking feeling 
when you realize an impor- 
tant opportunity has just 
slipped away. 

Well, you need not fear 
the wouldas, couldas and 
shouldas anymore. If you start 
designing now with Intel's 
82311 Micro Channel*- 
compatible or 82350 EISA 
32-bit PC bus chip sets. 

Too early, you say? 

The 16-bit world is just fine, 
thank you. 

Consider this. The twelve 
largest OEMs are currently 
designing with 32-bit bus 


INTEL'S MICRO CHANNEL*-COMPATIBL] 


chips from Intel. Another 200 
vendors are developing 32- 
bit bus master cards. And by 
1992, industry analysts tell us, 
at least 55% of all 386"/i486™ 
CPU-based systems will have 
32-bit buses. 

We wouldn't want you 
to miss Out. 

Start designing now with 
our 32-bit PC bus chip sets and 
by 1990-—when you're ready 
to build——they’ll cost you the 
same as 16-bit AT* chip sets. 

Because we invented 


Micro Channel and AT are trademarks of International Business Machines Corporation. 
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da. Shoulda. 


complete 32-bit product line 


AND EISA32BIT PC BUS cHpsets. —S»-—_—=s. thee. industry. With our 32- 
bit bus chip sets, 82596 32-bit 

the 386 and i486 micro- LAN family, high-speed wPLD 
processors, Our 32-bit bus family——plus our complete 
chip sets are 100% hardware- design support——we help you 
and software-compatible. get to market fast. 
100% compatible with Micro So how can you make 
Channel and EISA bus archi- sure, a few months from now, 
tectures. And 100% com- that you won't be thinking of 
patible with Intel's 386/i486 the one that got away? 
CPU architecture. So when Simple. Just keep in 


you design your 32-bit system mind these three little words: 
youll be assured of the highest _Intel’s 32-bit chips. 


level of performance. For complete 32-bit PC 
In short, whether you bus product information, call 
choose Micro Channel or (800)548-4725, Lit. Dept. #HA12. 


EISA, Intel offers the most ® 


In 
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A field-use fiber optic 
connector so tough, you could 

roll a 5 ton truck over it. A Parallel 
Interconnect that allows a gas-tight 
interface in 60 seconds flat. A cabling 
assembly enabling a single connector 
to handle electronic signals, fiber 
optics and power supply. 


These are but a few 
innovations in interconnections 
from ITT Cannon. But we couldn't 
have done it without you. Because 
success throughout our company 
relies on a thorough knowledge 

of your company’s environment. 


‘Take strategic partner- 
ing, for example. We dont create 

a custom solution by shaking your 
hand and jotting down a few notes. 
When we design-in, we get inside 
your environment. 


Then theres Cannon's 
near-zero defect rate. It got that 
way, and stays that way, because we 
test each product in a carefully 
simulated environment. 


As for delivery, we built 
a dependable system by studying 
the needs and scheduling realities 
of our customers’ business environ- 
ments worldwide. 


And Cannon stays price 
competitive by always asking the 
question, “How will this connector 
be used?” Considering the connec- 
tor’s ultimate environment has taught 
us that keeping quality high ends 
up costing our customer less. 


So if you'd like a part- 
ner who will take the time to learn 
about your environment, take a 
moment to contact ITT Cannon 

at (714) 261-5300. 


Worldwide Headquarters 
1851 East Deere Avenue 
Post Office Box 35000 
Santa Ana, CA 92705-6500 


T'T'T Cannon 


An ITT ElectroMechanical Components Worldwide Company 


Discover our strengths. 
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TECHNOLOGY UPDATE 


High-performance 
uPs were poised to 
kill ICE, but new 
design techniques 
for both the chips 
and the instru- 
ments have given 
this vital debug- 
ging technique a 
new lease on life. 


Dan Strassberg, 
Associate Editor 
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IN-CIRCUIT EMULATION 


ICs and tools tame 
tough technology — 


he word was out: In-circuit 
emulation (ICE) was dying. 
Unable to withstand repeated 
assaults from increasingly 
powerful processors, ICE, 
the faithful friend of embedded-system 
designers, had taken to its bed to await 
the “ice man.” Clock rates of 25 MHz 
and above, pipelined instructions, on- 
chip caches and cache controllers, buses 
with one cycle per processor-clock cycle, 
and a host of other innovations in pP 
architectures had proven to be too much 
for ICE. New types of intelligent 
chips—RISC, DSP, and video proces- 
sors—simply compounded the problems. 
Even wCs, which tend to treat informa- 
tion crucial to ICE as something to 
which no outsider should be privy, were 


delivering body blows. 


But a funny thing happened on the 
way to the funeral—chip vendors real- 
ized that many system designers, espe- 
cially those working on real-time, em- 
bedded applications, just couldn’t debug 
time-critical code effectively without the 
help of ICE. If those designers felt that 
problems in applying emulation tools to 
the marvelously powerful new Ps were 
likely to slow down system debugging, 
they would, wherever possible, stick 
with older, lower performance proces- 
sors. The result would be unsold ICs 
and red ink. So chip designers went back 
to the drawing board and incorporated 
features in their silicon to facilitate emu- 
lation. 

Meanwhile, emulator designers, a 
hardy breed accustomed to working on 
the frontiers of technology, attacked the 


A device-packaging innovation is one way Sophia Systems improves the visibility of the Mitsubishi 


M37450 y.C’s internal nodes. The emulation processor is in a special 40-pin DIP topped by a 28-pin 
socket. For code development before you have a target system, plug the probe into the emulation 
processor’s socket and plug the .C into the ZIF socket in the pod. 
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TECHNOLOGY UPDATE 


In-circuit emulation 


problem. Innovations in circuit de- 
sign and packaging have yielded a 
significant number of emulators 
that extend the capabilities of in- 
circuit emulation. In many cases, 
these products depend on features 


included in yP chips to aid in testing 
and debugging. But regardless of 
the technology emulators use to 
achieve higher performance, sys- 
tem designers can count on ICE’s 
help in debugging products based 


on most of the high-performance 
processors available today as well 
as those likely to be available for 
several years to come. 

Indeed, in -the words of Dick 
Odom, vice president of engineer- 


System designers can do ach io ease use él ICE 


In researching this article, EDN asked several ICE 
vendors what their customers—system designers— 
should do in their designs to make debugging with 
an ICE as painless as possible. The design staff of 
Applied Microsystems contributed a particularly ex- 
tensive and well-thought-out answer that pectic 
the basis for the following tips. 


Care in hardware design fends off debugging woes 
@ Don't push the specs. oe the ee ce 
essor-pin timing ¢ as loose as eae In emula- 


plone. Use a robust clock driver to reduce the 


effects of emulator loading. 
_ @ Understand that emulators, like scopes and 


logic analyzers, add a little capacitive loading 


to the signals they monitor. Be prepared to 
add pull-up resistors when the fan-out is high. 

@ Use the nonmaskable-interrupt function spar- 
ingly. Many emulators use this functic ‘ion to i in- 
terrupt program flow. If you use this interru 
for other purposes, conflicts can result. To 
avoid such conflicts, you can latch the inter- _ 

_rupts your system generates and OR them | 

with the emulator’s nonmaskable interrupt. 

e If you usea socket for the CPU, ma ce sure 
the target system can accommodate the emula- 
tor probe. Orient the CPU socket so that the 
routing of the cable doesn’t excessively | con- — 
strain the pod location. Ref 1 covers this sub- 
ject indetai.. —s 


to have initialization — each time vou 
apply power. | = =—r—e——Oshis—h 
In the software area, be. aware that one of the 


code is the person whos Ww “ill is inteprating the prod: : 
uct’s hardware and soft e using an emulator and 
source-level debugg mely and accurate emula- 
tion and debugging depend on clear and com) lete 


information, a ae bese that i increases in Ampor- : 
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@ Don’t mix CMOS and 1 TTL. If you do. expect 2 ‘ 


: tance as the code becomes more complex. Even if 
you are the one who debugs the code you write, you 
_ will save time by devoting a little extra time to 


clearly documenting your work. 
Provide adequate resolution in your high-level 


code. One complex line may provide the function 


you need, but when you use an emulator or debug- 


ger to single-step through the code, the steps will 


be so large that they bypass crucial information. 
dhe ovis C code is too compact: 


Te (ahtocatedentmse) + 15) as : check (arg)) 


The line combines several data-gathering proce- 
dures with a decision-making instruction and buries 
the results of some operations. Single-stepping » 


_ through this C code won’t reveal why the branch 


worked or didn’t work. To find out, you'll have to 


_ use an assembly-language debugger to single-step 
through the equivalent machine-language code. In 
; $0 doing, you lose the speed and accuracy of pro- 
gramming in a high-level language. 


A better approach is to write code that lets you 


8 see an A PPropeste amount of detail at each step. 


— ee ch S acen. 


record_size = allocate(entry_length + 13); 
record_ver = check(arg); 
Ls = record_ver) 


Phin code j is easier to comprehend and enna 
_ Each line performs a manageable amount of work, 
_ letting you observe appropriate detail at each step. 
_ Debugging at the source level will reveal why the 
branch succeeded or failed. 


Make data visible. When you expand code, as 


above, you also make your data more visible. You 

will want to monitor the data as you work. If you 

provide a hook in the form of a variable, the data 
will be easier to use during emulation. 
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ing at emulator vendor Microcosm, 
“Doom sayers have been predicting 
the demise of ICE almost from the 
time it was invented. Yet, today 
ICE isn’t merely alive, it’s thriving, 
and we have confidence in our abil- 


entry = fun igs 


ity to keep it thriving for the fore- 
seeable future—regardless of the 
innovations chip designers create.” 

Nevertheless, ICE faces competi- 
tion from several debugging tech- 
niques, each especially suited to a 


particular part of the hardware and 
software development process. 


Dick Jenssen, vice president of 
product development at Applied 
Microsystems, a leading supplier of 
high-performance emulation tools, 


tracking critical sections easier. 


The selection of the correct tools 1 is at least as - 
important as using the tools intelligently. Here : are 2 - 
some suggestions about when and how to select 
tools: | 


‘Gisplay(entry); 


The code above will ae the penulis of the table 
procedure visible in a variable named “entry,” which 


you can monitor while you work. The same function 
in a more compact style will bury the result of the 
table procedure: 


display (tableCindex)) 


Write suse ative code. A lot has been written 
~ about making code more usable by making it more 
descriptive. Designing code for use with emulation 
is a case in which you get real benefits in accuracy 
and productivity. The code is the primary source 
of information for a person using an emulator. The 
more complete and understandable the information 
is, the more effective debugging will be. oe 
names Bee igus: information. 


Tt= = Od Boke oe ast 
8. + | 
else { 
ne rp(cp); P 


this code is difficult to work with, with any eee 
_of speed or accuracy. You must constantly guess 
about the nature and function of the data and proce- 
dures. Mistakes are virtually inevitable. The equiva- 
lent code, enhanced with descriptive symbols and 
comments, promntes = accurate peice 


rgcenput == char_delete &8e 
- gode! = backspace){ 
position —;} 
gise fC | _ 
| position =reposition(char_place); 
/* valid range for char_place: O — 79 / 


_ Partition code to keep time-critical sections sepa- 
rate from the rest of the program. Doing so makes 
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-@ Plan to purchase an emulator oe in ‘the a 


sign cycle. That way, you'll know how to use 
it before you are under the gun to debug a 
critical problem. 
e Select appropriate tools. Use a , compiler ae _ 
signed for the creation of embedded code; not — 
all compilers produce the comprehensive cross — 
references debugging hardware requires. 
Don’t use a simulator to debug time-sensitive 
problems. — 


e Schedule time for the integration of hardwaes : : 


and software. As a rule of thumb, when a Bea 
grammer delivers code, you should expect — 
about 50 bugs per 1000 lines. After rigorous ~ 
testing, there will still be 5 bugs per 1000 
lines. Integration takes time, and you should _ 
schedule this time. _ 


e Accommodate tool aabicneecs. Most devel 


opment tools have limitations. Perhaps the 
variable names your debugger can display are _ 
shorter than those permitted by your com- - 
piler. If you are using a tool that displays only — 
the first 10 characters of a variable name, _ - 
make sure that those characters are signifi- _ 
cant. For example, if you have elements called 
“name. operator.one” and | : 
“name.operator.two”, they may es show up _ 
in a debugger window as “name.operat”. Con- — 
fusion and errors will be unavoidable. Ifyou — 
know the debugger’s limitations before you use ~ 
the compiler, you can select names & You wont 
have to @chanee: |. 
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In-circuit emulation 


classifies the problems encountered 
by system developers into three 
major categories: logical, run time, 
and real time. 


Three classes of problems 


Logical problems are basic flaws 
in the program logic and are unre- 
lated to hardware. If you program 
in a high-level language, a high- 
level-language debugger will catch 
them. CASE (computer-aided soft- 
ware engineering) tools are in- 
tended to prevent such problems. 

Run-time problems are not time 
critical. They will occur even if you 
slow down program execution. Al- 
though you can use ICE to catch 
these problems, you can also find 
them with a machine-language de- 
bugger. 

Real-time problems usually occur 
because of hardware/software inter- 
action. Debugging them requires 
running the system at full speed, 
that is, in “real time.” Ideally, you 
should not have to slow the clock 
or add wait states. Furthermore, in 
the terminology of ICE vendors, 
the debugging tools should be non- 
intrusive; that is, the debugging 
hardware should not affect normal 
system operation by, for example, 
usurping system resources such as 
I/O ports or nonmaskable _inter- 
rupts. 

Beside ICE, tools that you can 
sometimes use to good effect on 
real-time problems include general- 
purpose logic analyzers. Some engi- 
neers maintain that if you’re handy 
with a logic analyzer, you don’t 
need an ICE. On the other hand, 
ICE vendors, while agreeing that 
a logic analyzer can be a powerful 
debugging aid and an adjunct to 
ICE, argue that a general-purpose 
logic analyzer is rarely a substitute 
for an ICE. Instrumentation leader 
Hewlett-Packard appears to hold 
the latter opinion; HP makes both 
ICEs and logic analyzers. 

Implementing other emulation 
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ICE works for RISC processors, too. This system, from Embedded Performance Inc, is for 


AMD’s AM29000 and is priced from $11,900 to 


techniques—ROM emulation and 
bus emulation—is generally easier 
than implementing ICE. These 
techniques differ from each other 
and from ICE in how they access 
the target system. A ROM emula- 
tor plugs into a socket in which 
you'd normally plug a ROM; a bus 
emulator (sometimes called a card- 
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Though not an ICE, this evaluation unit for 
Motorola’s 68332 32-bit uC facilitates appli- 
cation development. Included on the small 
board are a processor, 128k bytes of 
EPROM, 64k bytes of RAM, an RS-232C 
port, and a development interface that uses 
an 8-bit 68HC11 wC. 


$26,000. 


edge emulator) connects to the Sys- 
tem bus, usually at a card edge, and 
takes control of the bus for testing 
purposes. Neither technique pro- 
vides as much visibility of the proc- 
essor’s operation as does ICE. 

An in-circuit emulator connects to 
the target system at the microproc- 
essor socket. In practically all 
cases, the ICE plugs into the pP 
socket in place of the processor. The 
ICE contains an emulation proces- 
sor that substitutes for the target 
processor during emulation. Be- 
cause the first commercial ICEs 
came from a chip vendor (Intel, a 
company that continues to manufac- 
ture development tools) and be- 
cause chip vendors can create cus- 
tom chips with relative ease, ICEs 
developed a tradition of using spe- 
cial versions of their target wPs as 
emulation processors. These pro- 
prietary “bond-out” chips have usu- 
ally been standard dice in special 
packages with extra pins. The extra 
pins let you access internal nodes 
on the chip to provide visibility and 
control of the processor’s operation. 


ICEs without bond-out chips 

In cases where the processor ven- 
dor supplies development tools, 
bond-out chips may be completely 
unavailable to third-party tool ven- 
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SIEMENS 


The Heartbeat 
of Performance 


Siemens RISC Processors — 
Setting the Standard of the 90s. 
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Siemens 32-Bit VLSI CMOS RISC 
Components (Mips® RISC* Architecture) 
open new dimensions in performance 
and will shape the computer systems of 
the’90s. That’s why we've invested our 
experience in 4Mega technology in our 
RISC components. 

The tremendous performance of 
Siemens RISC is due to the finely tuned 
elements of the complete system. This 
RISC system — software and hardware — 
has been simultaneously developed. 
RISC processors and optimizing com- 
pilers are the ideal team for maximum 
RISC performance. They are intercom- 
patible and operate synergistically to- 
gether. The result is plain to see: 22VAX 
Mips(!)/clock cycle 25 MHz -— the per- 
formance of a typical RISC system, 
based on the SAB-R3000/ SAB-R3010 
processor team. 

Siemens offers the processors for the 
new generation of high-end computers 
for high-powered minis/workstations/ 
embedded systems. The first two gener- 
ations of our 32-Bit VLSI! CMOS Micro- 
processor RISC family are binary 
software compatible. And, of course, 


the same applies to next generations. 

All components of this RISC system 

are fully matured — and readily available 
today. The same applies to application 
software, comprehensively ready-for-use. 
Now it’s time to join the high perform- 
ance RISC train - don’t you think so? 

For further information and advice, write to: 
Siemens AG, Infoservice HL5801e, 
Postfach 23 48, D-8510 Furth, 

quote: Siemens RISC 


In the U.S. call (800) 456-9229. 

Or write Siemens Components, Inc., 
2191 Laurelwood Road, Santa Clara, CA 
95054-1514. Ask for literature 

package M13A005. 


* RISC =Reduced Instruction Set Computing 
supercedes 
CISC =Complex Instruction Set Computing 


* MIPS =registered trademark of MIPS 
Computer Systems, Inc. 
Siemens is semiconductor partner of MIPS 
Computer Systems, Inc. 


TopTech 
Semiconductors — 
f Siemens 
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dors. Even when processor vendors 
are not in the development tool 
business, if they produce bond-out 
chips at all, they do so in low vol- 
umes. Tool vendors find these chips 
both hard to obtain and expensive. 
Therefore, many ICE vendors 
avoid using bond-out chips, and the 
evidence suggests that they don’t 
have to use such chips to design a 
competitive ICE. Indeed, there are 
many examples of ICEs—even ones 
for very complex processors—that 
don’t use bond-out chips and yet in- 
sert fewer wait states than do emu- 
lators that use the specialized chips. 

Furthermore, as processor com- 
plexity grows, IC vendors speak of 
the need to design bond-out chips 
that differ considerably from stan- 
dard chips. An emulator for a high- 
performance P can require visibil- 
ity of so many circuit nodes that 
the bond-out chip requires a unique 
mask set. Interconnecting internal 
nodes to pads at the chip’s periph- 
ery can even necessitate extra proc- 
essing steps. Chips made in such 
special ways can exhibit significant 
differences in performance from 
standard parts. Because IC vendors 
produce bond-out chips in such 
small quantities, the chips are ex- 
pensive to begin with; the more spe- 
cial processing they require, the 
more expensive the chips become. 
_ Even worse, the greater the de- 
velopment effort required to pro- 
duce a bond-out chip, the later in 
the life cycle of the pP it becomes 
available. Without some means of 
keeping the design of bond-out 
chips close to that of standard pPs, 
ICE vendors that rely on bond-out 
chips would have to significantly de- 
lay the availability of ICEs, and de- 
signers of embedded real-time sys- 
tems would have to delay using new 
Ps until well into the chips’ life 
cycle. 

This problem is only one of the 
reasons Intel’s chip architects work 
closely with the company’s develop- 
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ment-tool designers almost from the 
start of new wP projects. So far, 
the most visible results of this part- 
nership are the breakpoint regis- 
ters incorporated in Intel pPs, be- 
ginning with the 80286. The 80386 
has four such registers; you can 
specify whether each one contains 
a data-access or a code-execution 
breakpoint. Circuits on the chip 
constantly monitor the wP’s instruc- 
tion and memory-address registers. 
Depending on what you specify, 
when the data or memory address 
matches a breakpoint, the monitor- 
ing circuits generate an interrupt. 

In addition to breakpoint regis- 
ters, the high-performance 32-bit 
processors in the 80960 family in- 
clude a trace-control register, which 
provides seven modes of trace con- 
trol that you can use individually 
or in combination. 

Intel is far from the only vendor 
to bring chip architects and tool de- 
signers together early in a pP’s de- 
velopment, although it is probably 
the company best known for doing 
so. Even smaller companies like 
Analog Devices, whose uP offer- 
ings are limited to DSP chips and 
which has no development-tool op- 
eration of its own, work closely with 
ICE vendors early on. Analog en- 
tered such partnerships during the 


development of its ADSP 2100 and 
2101 16-bit DSP processors. 


ICE isn’t for everyone 


Not every developer of wP-based 
systems depends on ICE, however. 
Designers of personal computers 
and workstations generally intro- 
duce products based on new pPs 
very early in the processors’ life cy- 
cle. As a consequence, these design- 
ers have had to evolve work styles 
that depend on tools they can get 
shortly after a processor’s introduc- 
tion. Fortunately, computers and 
workstations generally don’t ex- 
hibit the time-critical hardware/ 
software interactions that are so im- 
portant in embedded real-time ap- 
plications. 

Some Ps show strong evidence 
that their designers intended them 
for use in workstations. For exam- 
ple, features that could ease emula- 
tion are absent from RISC chips 
from Sun Microsystems’ SPARC se- 
ries and those from MIPS Com- 
puter Systems. Neither Sun nor 
MIPS sells these chips on the open 
market, but they have licensed 
other companies to do so. LSI Logic 
is one company that sells chips from 
both families. 

Don’t get the impression, how- 
ever, that because a processor is a 


This development board, available cased and uncased, works with Harris Corp’s RTX 
2000 Cs. You program these processors in Forth; the vendor claims that Forth encourages 
the development and debugging of code at a module level that obviates an ICE. 
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Now you can use 68000/020/030 in-circuit 
emulators with your favorite tool—your work- 
station. Where you usually develop code. And 
write memos. 

Atron’s PROBE Series 68000/020/030 emulators 
support real-time emulation to 25 MHz. Remotely. 
So you can develop code on your favorite Sun or 
VAX™ running VMS™ Download it fast via 
Ethernet™ to the PROBE. And execute it in the 
target in real-time. All from your desk. 

The PROBE has real-time trace, so you can view 
the history of your program's execution. Source 


Ethernet is a trademark of Xerox Corp. VAX and VMS are trademarks of Digital 
Equipment Corporation. Ada is a registered trademark of the Department of Defense. 


trace capability lets you examine program flow at 
the C, Ada® or assembler level. And eight hardware 
breakpoints let you find sequence-dependent bugs. 

The PROBE has pre-fetch dequeuing, too. Here, 
a special algorithm removes pre-fetched, unexe- 
cuted instructions from the trace sequence and 
then realigns operands in the order that they 
were executed. 

Workstations. Emulators. What's the difference? 
Thanks to Atron, now there isnt any. 

Call 1-800-283-5933 for more information on 
remote emulation with Atron’s PROBE Series. 


CADRE 


ATRON DIVISION 


Saratoga Office Center 
12950 Saratoga Avenue 
Saratoga, California 95070 
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RISC chip, it can’t be designed with 
emulation in mind. Advanced Micro 
Devices’ AM29000 is a RISC proc- 
essor designed for embedded appli- 
cations. AMD began working with 
vendors of hardware and software 
development tools early in the 
chip’s design cycle. Among the 
AM29000’s emulation-support fea- 
tures is a halt mode. The feature 
adds only three pins to the device. 
Aware of the importance of devel- 
opment tools to embedded-system 
developers, AMD has announced a 
program called Fusion 29k; the IC 
vendor publishes a list of tool sup- 
pliers that have announced or are 
planning support for the AM29000. 
One highly prestigious vendor on 
this list is Hewlett-Packard. 

Texas Instruments has made 
some of the most sweeping and im- 
pressive-sounding changes in the 
way »Ps work with emulators. The 
TMS83820 series of DSP chips will en- 
ter its fifth generation when TI be- 
gins sampling the TMS320C50 early 
in 1990. Like several of its prede- 
cessors, the C50 incorporates a se- 
rial port through which you can ob- 
tain a great deal of information 
about the machine’s internal states. 
Unlike earlier chips, the C50’s serial 
test port conforms to the JTAG 
(Joint Testability Action Group) 
standard, also known as IEEE 
P1149.1. In fact, the port supports 
a superset of P1149.1. 

During operation of the proces- 
sor, you can capture a “snapshot” 
of the chip’s test nodes in special 
internal registers. Taking this snap- 
shot scarcely slows the chip’s opera- 
tion. Then, while the processor con- 
tinues to operate at full speed, you 
can shift the register’s contents out 
through the testability port one bit 
at a time. This process provides a 
view of the processor’s state, albeit 
a slightly retrospective one. Ac- 
cording to TI, the cost in chip area 
of this JTAG port is surprisingly 
small. The company’s engineers 
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Despite their complexity, Intel could intro- 
duce an ICE for the 80960 series of uPs a 
few months after announcing the processor 
family due to cooperation between the com- 
pany’s chip and tool designers. 


have found a way to place most of 
the extra supporting circuitry near 
the periphery of the chip in areas 
also used for power busing. Fur- 
thermore, TI says the scheme lets 
you perform the functions of an in- 
circuit emulator by using a small 
IBM PC bus-resident card in combi- 
nation with a general-purpose logic 
analyzer. 

TI claims that this scheme is one 
of those rare situations in electron- 
ics where everybody wins and no- 


An in-circuit emulator for TI’s TMS370 family of 8-bit wCs uses two standard chips as 


body loses. Among those who bene- 
fit from the JTAG port are design- 
ers of embedded systems who use 
the port for debugging their code; 
TI’s own test engineers, who use 
the port for testing devices prior 
to shipment; customers’ test engi- 
neers, who use the port for testing 
the chips once they have been 
loaded onto boards; and customers’ 
field service engineers, who can use 
relatively inexpensive equipment to 
test processors in the field. 

According to TI, the JTAG port 
may even be instrumental in break- 
ing down the legendary barriers 
that exist between design, produc- 
tion test, and field service in most 
companies. “You won’t have design- 
ers cursing production test people 
who ask for more test points, and 
both groups acting totally unsympa- 
thetic to field service’s requests for 
“hooks” for attaching low-cost test- 
ers in the field,” says Gary 
Swoboda, senior member of the TI 
technical staff for the 320 family. 
“For once, everyone can support 
the same test and debug mecha- 
nism.” 

But good as it may sound, the 
JTAG port isn’t for everyone. TI’s 


one emulation processor for standard and custom wCs, which the vendor will produce in 
quantities of 50,000 or more. This technique makes emulation available early in the target- 
system development. The TMS370 XDS/11 ICE costs $2850. 
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TMS370 series of 8-bit microcon- 
trollers uses a different scheme, and 
Swoboda concurs that the 370’s ap- 
proach is more appropriate on these 
less complex parts. For one thing, 
on smaller chips, the JTAG support 
circuits would increase chip area by 
an amount you'd have to call signifi- 


cant. 


The 370 series is a family of Cs, 


most of which include resources, 
such as ports, timers, and ADCs, 
that tailor them for specific applica- 
tions. Many members of the family 
can’t access significant amounts of 
memory off the chip. TI has mini- 
mized the problem of creating bond- 
out chips for the series by making 
the functional equivalent of bond- 
out devices from pairs of ICs. One 


member of the pair is a general- 
purpose CPU; the other incorpo- 
rates the I/O functions of the emu- 
lated part. Between them, the two 
chips have more pins than any sin- 
gle 370 device. The extra pins per- 
form two functions: They enable the 
two devices to communicate with 
each other so that they can function 
at full speed as a single device. 


— 


_ Sunnyvale, CA 94088 


(408) 732-2400 


| _ Circle No 662 


ican Automation 


Analog Devices Inc 


70 Shawmut Rd 
Canton, MA 02021 
(617) 329-4700 


_ FAX 617-326-8703 


Circle No 664 


Applied Microsystems Corp 


_ Box 97002 


Redmond, WA 98073 


~ (800) 426-3925; 


in WA, (206) 882-2000 
FAX 206-883-3049 
Circle No 665 


_ AT&T Microelectronics 


_ Berkeley Heights, NJ 07922 


Box 610 


(800) 372-2447 


FAX 215-266-2935 


Circle No 666 


82 


Embedded Performance Inc 
3707 Williams Rd, #2 

San Jose, CA 95117 

(408) 244-7900 


Circle No 667 


VOTE... 


| Micro Devices Inc _ 


For more information. . . 


For more information on processors and development tools such as those discussed in this article, circle the appropriate _ 
_ numbers on the Information Retrieval Service card or use EDN’ 
of the following manufacturers directly, 
Although this article does not mentio 
assistance in preparing the article, and 


_ Harris Corp 


Box 883 

Melbourne, FL 32902 
(407) 724-7711 

FAX 407-729-5691 
Circle No 668 


Hewlett-Packard Co 

19310 Pruneridge Ave 
Cupertino, CA 95014 

(800) 752-0900 

Circle No 669 


Hilevel Technology Inc 


_ 81 Technology Dr 


Irvine, CA 92718 
(800) 445-3835; 

in CA, (714) 727-2100 
FAX 714-727-2101 
Circle No 670 


Huntsville Microsystems Inc 
Box 12415 

Huntsville, AL 35802 

(205) 881-6005 

FAX 205-882-6701 


Circle No 671 


Intel Corp 


3065 Bowers Ave 
Santa Clara, CA 95051 
(800) 548-7275 

FAX 408-765-1444 


___ Circle No 672 


LSI Logic 
1551 McCarthy Blvd — 


Milpitas, CA 95035 
(408) 433-8000 


FAX 408-433-7715 
Circle No 673 


Microcosm Inc 
15275E SW Koll Pkwy 
Beaverton, OR 97006 
(503) 626-6100 

FAX 503-644-9906 
Circle No 674 


Motorola Inc 

6501 William Cannon Dr W 
Austin, TX 78735 

(512) 891-0400 

Circle No 675 


National Semiconductor Corp 
Box 58090 

Santa Clara, CA 95052 

(408) 721-5000 

TWX 910-339-9240 

Circle No 676 


Orion Instruments 

702 Marshall St 
Redwood City, CA 94063 
(800) 245-8500; 

in CA, (415) 361-8883 
FAX 415-361-8970 

Circle No 677 


Signetics Co 

Box 3409 

Sunnyvale, CA 94088 
(408) 991-2000 

Circle No 678 


Softaid Inc 

8930 Route 108 
Columbia, MD 21045 
(800) 433-8812; 

in MD, (801) 964-8455 
FAX 301-596-1852 
Circle No 679 


Please also use the Information Retrieval Service card to rate this article (circle one): 


High Interest 506 


Medium Interest 507 


Low Interest 508 


_ Cee 


Texas Instruments Inc _ 
~ (800) 232-3200, 
‘Zax Corp 


(800) 421-0982; 


s Express Request service. When you contact any 
please let them know that you read about them in EDN. 
n specific products from every manufacturer 


all supply products of potential interest to re d 


aders of this article. oo 


Sophia Systems _ | 
sesiKiferRd 
(800) 824-9294, —i«=ts 


in CA, (408) 733-7837 
FAX 408-773-1073 _ 
Circle No 681 __ 


Box _ 
Dallas, TX 75380 _ 


Circle No 682. 


2572 White Rd 


Irvine, CA 
inCA, AK, andHI, 
(714) 474-1170 
FAX 714-474-0159 
Circle No 683 


Zilog Corp 
210 Hacienda Ave —it*= 
Campbell, CA 95008 
(408) 370-8000 

FAX 408-370-8027 


Circle No 684 


EDN October 26, 1989 


Annie Oakley/The Bettman Archive Inc. 


One of the precise hand-held instruments 
that didn’t need one of our cable assemblies. © 


Annie never missed. Well, almost we design and produce extremely reli- = Our expertise, increasing with each 
never. As long as she was ahead of sec- able, long flex-life cable, with conductors unique problem we solve, ensures that 
ond best, the room for error was there. terminated to standard connectors or reliability is designed in, built in, and 

Not so in the critical engineering of active devices, and with protective flex- tested. So we’re right on target. 
micro-miniature cable and connector strain reliefs. These complete inter- Every time. 
solutions at Precision Interconnect. Toler- connect systems, usually using 30 AWG 
ances are getting tighter, desired sizes and smaller conductors, provide the 
smaller, and development time shorter. critical link in hand-held applications 

Working with exact electrical on test and measurement equipment 
requirements, plus challenging mechani- and medical diagnostic devices. PRECISION 
cal parameters, INTERCONNECT 


16640 SW. 72nd Avenue, Portland, OR 97224 
(503) 620-9400 


Offices in San Francisco, Boston, 
Wilmington and Dusseldorf 


High frequency probe provides matched impedance 
and matched time delay for a Tektronix logic analyzer. 


VMEbus 
—— /O 
a . : SO LUTIONS 


VMIC is the one pe sion for VMEbus 0 
fou oducts. With-an-HO. product-line. ‘of-over 60... 
' boards and hundreds of off-the-shelf options, Sep 
kee VMIC. offérs. the. most.extensive. HO. product... ee 
line in the sau Our HO eee line jin- : 


/ performance, low cost, flexible solutions for 
oe ae the: systems: designer. asl eat i Sane PAUSE, 
; Mv of our I/O prec are: offered with 


dict line, and all products are offered with free 
sample software. 


iu proven quality, reliability, and maintainability, 
/ call VMI¢ — the one Ree aie: for VM Ebus 1/0 
; Solutions. 


VME MICROSYSTEMS ‘ 
INTERNATIONAL CORPORATION. 
SAVE UNE Litre ck a inlevike: Alabama I 35803-3308 
(205) 880-0444 FAX No. (205) 882- 0859 
: 1- 800- 322- 3616, ext. 1289 \ 


INTERNATIONAL DISTRIBUTOR. Diamond Point International, Inc. 9 Enterprise! Close, ‘ 

Medway City Estate, Ro¢hester-upon-Medway, Kent (44) (0634) 722390 © FAX: (44) (0634) 722398 : 

: at eat Uy DISTRIBUTOR: Tracan Electronics Corp. © 1200 Aerowood Dr., Unit 4, 4 
: plcsleseungs Ontario Law 2S7 ° a 625-7752 . 


CIRCLE NO 32 


DID YOU KNOW? 


EDN is distributed 


at every major 
electronics/computer show in the 
U.S., France, and Germany. 


EDIN 


UPDATE 


In-circuit emulation 


They also provide the internal-node 
visibility required for emulation. 
This brief survey of techniques 
used by chip designers to facilitate 
emulation provides only a partial 
view of the activity in the field. Be- 
reause the requirements for the 
visibility of a wP’s internal nodes 
for testing are not too different 
from the requirements for their 
visibility during emulation, you can 
expect to see a degree of synergy— 
advances in wP testability will help 
emulator designers create products 
that keep pace with advances in wP 
performance. The testability revo- 
lution has set some of the most crea- 
tive minds in the semiconductor in- 
dustry to work in an area where 
some of the most creative minds in 
instrumentation were already at 
work. The combination is so potent 
that accurately predicting what 
wonders will unfold is nearly impos- 


sible. EDN 
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integrating high level 
language debugging with 
in-circuit emulators. 


SourceGate is a window driven high level language debugger 

designed to support the Huntsville Microsystems 200 series of 

in-circuit emulators. 

= User configurable windows can be sized, moved and duplicated 
anywhere on the screen. 

= Code can be viewed in all displays (trace, single step, etc.) in 
one of three modes: Source only, Assembly only or both Source 
and Assembly. 

= Watch windows display and monitor code variables. 

= Optional Performance Analysis Card for real-time software 
performance analysis and real-time software test coverage. 

= Available for IBM PC family and UNIX systems including 
Apollo and SUN. 

For more complete technical information, write to 

Huntsville Microsystems Inc., 4040 South 

Memorial Parkway, Huntsville, AL 35802 

or call (205) 881-6005. 
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Krom Modems 


toUARIs, 
From DIME 


to DS’... 


If We Don’t Have It, We'll Invent It With You. 


Silicon Systems offers the industry’s most 
complete family of highly integrated single-chip 
modems, including the lowest-power 5-volt 
products available. These fully-compatible 
modems cover all the primary operating 
modes — both US. and international— from Bell 
212A/103 through V.21, V.22, V.22 bis, and V.23. 
And only Silicon Systems can provide you with 
a chip set fo meet the new V.42 CCITT primary 
protocol standard for error control. 

silicon Systems also backs up its modem 
ICs with a comprehensive line of UARTs, DTMF 
receivers and transceivers, as well as DS-] and 
DS-3 interface chips, and a selection of cross- 
point switches, loopback chips, and related 
communication ICs. 

But if you can’t find what you need in all 
these standard products, we're ready to collab- 
orate with you. Together we could invent that 
new innovative custom IC that could catapult 
your product way ahead of the competition. No 
other company has a better track record than 


Silicon Systems for putting complex analog 
and digital functions, including DSP. on the 
same chip. 

For your modems, PC’s, pay phones, 
facsimile systems, or other related communica- 
tions equipment— you can have the IC technol- 
ogy of tomorrow by connecting with Silicon 
systems today. 


all Now! 
(714) 731-7110, Ext. 3575 


For immediate product information, contact 
your local representative or distributor, and for 
the complete modem story, contact: 

Silicon Systems, Inc., 

1435] Myford Road, Tustin, CA 92680. 

Ph: (714) 731-7110, FAX: (714) 669-8814 
European Hdq. U.K. Ph: (44) 7983-233]. 
European Hdq- U.K. FAX: (44) 7983-2117 
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to RISC. Santa Clara to Singapore. 
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High Speed 
High Density 
Gate Array 


As the U.S. market becomes 
increasingly competitive, more 
and more companies find their 
domestic survival depends 

on how well they can 
Capitalize on international 
Opportunities insalesand me 
manufacturing. Gia 
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» Totap the world 
~ market, you need 
a world partner. A 
company with world 
class semiconductor 
technology and products, world 
wide service, support, and man- 
ufacturing capabilities, and 
unchallenged financial strength. 


ISDN 


Siemens is that partner. With 
173 manufacturing plants 

in 35 countries. 42,000 employ- 
ees dedicated to R&D alone. 
And high performance, high 
quality semiconductor 
technology, ranging from the 
simplest components to the 
most advanced. 
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1MB and 4MB DRAMs. Smart 
Power. RISC processors. 
Microcontrollers. High-density 
CMOS gate array technology — 
soon to reach sub-micron 
dimensions. The most compre- 
hensive line of ISDN ICs, 
from primary to basic 
rates. Chip-level 
solutions, for 
your application. 


All that technol- 
ogy comes with the 
world class manufac- 
turing, service and support 
that has made Siemens one 
of the world's largest electron- 
ICS Suppliers. 
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Or write: 


| MIPS 
High-Performance 
RISC Processor 


Wherever your company grows, 
we'll be there. From Detroit 
to Dublin. Or Santa Clara to 
Singapore. 


For details on our 
advanced products, 
call (800) 456-9229. 


Power 


Siemens Components, Inc. 

2191 Laurelwood Road, 
Santa Clara, CA 95054-1514. 
Ask for literature package 
M51A001. 


Find out how a world 
partnership with Siemens can 
help your company grow 
world wise. 


Siemens... 
Practical Solutions By Design. 


©1989 Siemens Components, Inc. M51A001 
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CARVER DENON harman/kardon © HITACHI 


NEC ONKYO QPIONGEER JSANSUI 
SHARP SONY. TEAC. YAMAHA 


These leaders specify Leader. 


When servicing electronics, depend on Leader for your test equipment needs. 


=| 


lox 


Leader meets the standards of You'll find hard-to-beat capabilities Call toll-free 
SO many, because we set such high and value throughout the Leader line. 1 800 645-5104 
standards in design. See all there is to Leader's leader- In NY State 
Equip your bench with our stan- ship, and benefit from our more than 516 231-6900 
dard test equipment as required by 34 years of experience. Phone now Leader Instruments Corporation 
manufacturers. Leader continually to discuss your equipment require- 380 Oser Avenue, Hauppauge, New York 11788 
i Regional Offices: 
consults manufacturers and their ments, for a copy of our catalog, and Chibage, flalias. Les anmaies. Boston: Adlanta 
service facilities to determine what for the name of your nearest “Select In Canada call Omnitronix Ltd. 416 828-6621 
products and features you'll need. Leader Distributor. All Leader equip- 
The unique features on Leader ment is backed by a TWO-YEAR : 
equipment help you work smarter WARRANTY, and factory service FOR PROELESIGHE Ca eiceay 
and increase efficiency. on both coasts. THE DIFFERENCE 
SEE LEADER INSTRUMENTS AT ELECTRO ’89, BOOTHS 1663-1667 
1. LCG-400S NTSC Pattern Generator 7. LSW-333 TV Sweep Generator 11. LDM-171 Distortion Meter 
2. LVS-5850B NTSC Vectorscope 8. LAG-126S Audio Generator 12. LTC-906 Transistor Checker 
3. LDC-823S 250-MHz Frequency Counter 9. LMV-185A AC Millivoltmeter 13. LDM-853A Digital Multimeter 
4. LMS-238 TV Stereo Generator 10. LFM-39A Wow & Flutter Meter . LPS-152 DC Power Supply 
rf 3216 AM/FM Stereo Generator . LPM-8000 Laser Power Meter 


. LHM-80B High Voltage Meter | emmiaieian . LBO-2060 CRT Readout Oscilloscope 


Beret 


“| The above logos are registered trade marks or trade names of spec 
companies and/or corporations and reproduction of their logos 
is prohibited unless explicit written permission is obtained from ther 


V7, National 
: Semiconductor 


Nationals FAST" family now 
offers 8000 volts ESD protection, 
at NO extra COST. 


INTRODUCING ESD COVERAGE 
THAT LOWERS YOUR 
TOTAL COST OF OWNERSHIP 


Some logic manufacturers 
would have you believe that the only 
time to worry about electrostatic 


discharge (ESD) failure is during your — 


initial handling and manufacturing 
stages. At National, we think the real 
issue is ESD protection for the full 
lifetime of your end-system. After all, 
ESD-weakened devices are “walking 
wounded” chips that continue to 
degrade over time, only to cata- 
strophically fail much later in the field. 
Which results in end-user down- 
time and costly additional service 
charges, plus hardship for the cus- 
tomer and image difficulties for you. 
It all adds up to a big, expensive — 
and unnecessary— problem. 


Vec Vec 


TYPICAL ADVANCED 
SCHOTTKY SCHEMATIC 


IMPROVED FAST INPUT SCHEMATIC 
WITH ESD PROTECTION 
Now there’s asolution that won't 
cost you a penny more. National's 
FAST (Fairchild Advanced Schottky 
TTL) devices nowinclude ESD 
protection guaranteed at 4000 volts 
minimum, and over 8000 volts typical. 


All at no additional charge. 
© 1989 National Semiconductor Corporation 
FAST (Fairchild Advanced Schottky TTL) is a registered trademark 


of National Semiconductor Corporation. 
*Typical measurement as taken by IMCS 5000 tester. 
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TYPICAL ESD PERFORMANCE ~ 


LAST PASSING VOLTAGE 


© Competitor C 
Bi National 


BB Competitor A 
Competitor B 


YOU'RE COVERED, 
FROM START TO FINISH. 


It’s simple: From the day your 
shipment arrives on the dock, to the 
day your customer plugs in your 
completed product, and beyond, 
National's enhanced FAST devices 
offer a measure of assurance that no 
other manufacturer can provide. And 
because increased ESD protection 
means that quality and reliability are 
greatly improved, ship-to-stock 
programs now become more attrac- 
tive than ever before. 


DUAL-RAIL PROTECTION 
MAKES IT POSSIBLE. 


We've been able to achieve a 
new standard of ESD security because 
ofa proprietary design called Dual- 
Rail Protection. This allows potentially 
damaging ESD-induced currents to 
be directed to both ground and Vc, 
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rather than only to ground as is the 
case with other FASTand FAST like 
products. 


SAME FIT, FORM 
AND FUNCTION. 


Except for their significantly 
higher degree of ESD immunity, 
there’s no change in the FAST per- 
formance you ve been getting from 
National for years. AC and DC specifi- 
cations remain unchanged. The new 
devices are designated by the same 
part numbers, and offered in the 
same packages. And perhaps best of 
all, the similarity extends to the price: 
it’s exactly the same as before. 


READY FOR THE MILITARY. 


National’s new FAST devices 
exceed the ESD tolerance require- 
ments for military applications, as 
mandated by DESC standard MIL-M- 
38510 Rev H. Which simply means 
that military-grade FAST packages will 
now carry a MIL Class 3 rating, the 
highest ESD-resistant category for 
semiconductor products. 


Give us a call today at 1-800- 
825-5805, ext. 109, and ask for 
more information, plus a free sample 
of our new FAST devices, now with 
8000 volts of free ESD protection. 


National 
Semiconductor 


ta 
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nternational Electronics 


& Electrical Show 
March 1-5, 1990 


Come face to face with the 1990's! 


Organizer: Sponsor: 
> CHINA EXTERNAL TRADE r& TIPE] WORLD 
\@> DEVELOPMENT COUNCIL = VAS. B TRADE CENTER 


Venue: TWTC EXHIBITION HALL 
5 Hsinyi Road, Section 5, Taipei 10509, Taiwan, Republic of China 
Tel: (02)725-1111 © Fax: 886-2-7251314 © Telex: 28094 TPEWTC 


See 
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TECHNOLOGY UPDATE 


You get improved 
performance, re- 
duced cost, and a 
simplified design 
when IC designers 
integrate DMA 
controllers with 
other devices. 


Steven H Leibson, 
Senior Regional Editor 
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DMA CONTROLLERS 


Adding DMA to other 


functions boosts speed 


"'* ou can’t beat DMA for high- 
speed data transfers in a pP- 
or wC-based system. DMA 
controllers (DMACs) waste 

m= no bus cycles to fetch instruc- 
one: chisee hard-wired machines _al- 
ready know how to do the job. DMACs 
are really zero-instruction-set comput- 
ers and offer superior performance to 
even the much-publicized reduced-in- 
struction-set computers (RISCs), at 
least for transferring data. 

Because they provide the highest pos- 
sible data-transfer rates, DMACs 
quickly became an essential component 
in the wP’s support-chip retinue. Today, 
however, DMACs appear to have been 
almost totally eclipsed by the 32-bit 
processor architectures introduced by 
semiconductor manufacturers during 
the last two or three years. In fact, 
many IC vendors compenihye offer no 
DMACs or 16-bit con- p= 
trollers to support their 
highly touted, 32-bit RISC | 
and complex-instruction- © 
set computer power- — 
houses. 

But the DMAC isn’t 
dead yet. It has simply 
moved into other types of |2}— 
ICs and fused with other #% 
IC functions. These hybrid 
controllers can deliver per- %§ 
formance superior to a & 
multichip solution in a | 
form that’s easier for you 
to use in a system. ha, 

One company, Siemens === 
Components Inc, contin- 


Siemens developed its 4-channel 82257 
DMAC a few years ago, and it’s still 
available for $30 (1000). However, 
Siemens has upgraded the 82257 design 
twice, and the latest product of that evo- 
lution is the 82258A advanced DMA 
(ADMA) IC. 

The 82258A supports only 8- and 16- 
bit flow-through transfers, (see box, 
“DMA basics: flow-through and fly-by 
transfers”). Rather than build a 32-bit 
device, the 82258A’s designers chose to 
use additional transistors so they could 
include other capabilities. For instance, 
one of the 82258A’s four DMA channels 
supports a multiplexed mode that serv- 
ices aS many as 32 devices without pP 
intervention. The 82258A also sports 
features such as data comparison and 
matching (which terminates a transfer 
or triggers a change in transfer parame- 
ters when a match occurs), verification 


Many high-speed peripheral devices, such as this Z16C 30 universal 


ues to advance the idea serial controller from Zilog Inc, provide DMA control on the chip 


of discrete DMAC ICs. 


to support the IC’s high data rates. 
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Take Control Of Your VNA, And Get 


001 Hz, .01 dB, and .01 Resolution 
with 120 dB Dynamic Range 


m 10 kHz to 1 GHz 

m 120 dB Dynamic Range 

m Fast—400us/Point 

m= Simultaneous Scalar an 
Vector Analysis 

m DDS Source: —80 dBm to 
+15 dBm in .01 dB Steps 


The Anritsu MS3606A Network 
Analyzer provides unequalled 
dynamic range and high 
resolution to measure critical 
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performance specifications of: 
saw/crystal filters; tuners; 
UHF/VHF converters, materials 
and active/passive devices. 
For simple fingertip control 
of your VNA ... literature, 
application assistance or a 
demo, contact ... Anritsu 
America, Inc., 15 Thornton 
Road, Oakland, NJ 07436. 
Call 800-255-7234 or (in Nu) 
201-337-1111. FAX 201-337-1033 
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See us at WESCON Booth #4116 


TECHNOLOGY UPDATE 


DMA controllers 


(which compares two data blocks 
without moving data), and transla- 
tion (which uses a translation table 
to perform data conversion on the 
fly during transfers). A 10-MHz 
82258A costs $80 (1000). 


32-bit DMACs suit 32-bit wCs 

The 82258A does not support 32- 
bit flow-through data transfers but 
can manage 82-bit fly-by transfers 
because its address incrementer can 
count by four. However, many 
processor-based systems that em- 
ploy the latest crop of 32-bit Ps 
require full 32-bit performance from 
a DMAC. Recognizing this need, 


Intel Corp currently offers two ICs 
that incorporate 8-channel, 32-bit 
DMACs: the 82370 and the 82380. 
These two devices are companions 
to the company’s 80376 and 80386 
Ps. Both chips are 32-bit devices 
with equivalent features. The ad- 
dress and data buses of the 82370 
match those of the 80376 wP and 
the 82380’s buses mate to the 80386 
wP. The 82370 (16 MHz) costs $45 
(1000) and the 82380 (16 MHz) costs 
$70 (1000). 

The 82870 and the 82380 are not 
simply DMACs. Their designers 
also gave them several system-level 
functions, such as a 20-level inter- 


rupt controller, reset logic, a pro- 
grammable wait-state generator, 
four interval timers, and a dynamic 
RAM (DRAM) refresh controller 
(Fig 1). The combination of these 
components results in a device that 
offers more performance than you 
might extract from the individual 
ICs and saves you precious board 
space. 


Integration breeds performance 


Both the wP and the DMAC 
share the 82370’s and the 823880’s 
wait-state generator. The genera- 
tor lets you create six wait-state 
settings for your system: three for 


DMA basics: flow-through and fly-by transfers 


DMA transfers are either flow-through or fly-by. 
During flow- through (2-cycle) transfers, the DMAC 
~ assumes control of the system bus and makes the 
_ transfer by acting like a pP. During the first cycle 
_ of a flow-through transfer, the DMAC reads a word 
from the data source and deposits that word in its 
- data register (Fig Aa). During the second cycle, the 
DMAC moves the word from its holding register 
_to its destination. Memory and I/O devices may as- 
‘sume both the source and the destination roles. 

During a fly-by (single-cycle) transfer, the DMAC 
controls the transfer, but the data moves directly 
_ from the source to the destination in one bus cycle 
(Fig Ab). The source responds to a read cycle and 
the destination responds to a write cycle simultane- 
- ously. 

Processor buses eenerally do not sleeurt simulta- 
neous read and write cycles to two different ad- 
_ dresses. Therefore, systems that support fly-by 
_ transfers must incorporate special circuitry that al- 
lows the DMA-acknowledge-output pin to serve as 
a second address specifier. The DMAC can select 
either the source or the destination with its address 
bus and select the other participant with its DMA- 
acknowledge pin. Fly-by transfers usually only work 
between memory and I/O devices. Memory-to-mem- 
ory DMA transfers must use the flow-through tech- 
nique. 
Because a fly-by transfer moves data from source 

- to destination in a single cycle, it is twice as fast 
~ asa flow-through transfer at the same bus speed. 
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DATA SOURCE DMA CONTROLLER DATA DESTINATION 


(a) SYSTEM BUS 


DATA SOURCE DMA CONTROLLER DATA DESTINATION 


FLY-BY TRANSFER 
CYCLE 


SYSTEM BUS 


Fig A—Of the two types of DMA transfers, flow-through trans- 


fers (a) occur in two cycles. During ‘the first cycle, the DMAC_ 


reads a word from the data source and deposits the word in its 
data register. During the second cycle, the DMAC moves the 
word from the data register to its destination. In single-cycle 


fly-by transfers (6), the data moves directly from the source to — 


the destination. 


But this extra speed incurs additional cost for the 
logic that allows a device to respond to conventional 
bus cycles and to DMA-acknowledge cycles. How- 
ever, fly-by transfers may make the difference be- 
tween meeting or missing a ae s performance 
Ac. tran ia 
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the memory space and three for I/O 
space. During an access cycle, the 
device being addressed drives two 
input pins that select one of the pre- 
set wait-state counts. The genera- 
tor then postpones the cycle’s com- 
pletion by the requested number of 
counts. The combination of the 
wait-state generator and_ the 
DMAC on one chip eliminates the 
need to add any additional wait- 
state circuitry to your system de- 
sign. 

Intel recently introduced a simi- 
lar device—the 82357 integrated 
system peripheral—as part of its 
Extended Industry Standard Ar- 
chitecture (EISA) chip set. (EISA 
is a specification for an enhanced 
version of IBM’s PC/AT bus. It ac- 
commodates 82-bit expansion cards 
and multiprocessing.) Intel’s 82357 
incorporates a timer/counter, an in- 
terrupt controller, a bus arbiter, 
and a DRAM refresh controller, in 
addition to a DMAC, which sup- 
ports EISA’s three special burst- 
DMA modes. Intel only sells the 
82357 with a companion 82358 
EISA bus controller. The 2-chip set 
(25 MHz) costs $99 (1000). 

Zilog offers a similar device for 
its 16-bit ~Ps—the Z16C20 General 
Logic Unit. It can control periph- 
eral devices and several types of 
system memory in addition to per- 
forming DMA transfers. The 
Z16C20 incorporates a 1-channel 
DMAC, DRAM and _static-RAM 
controllers, a wait-state generator, 
an EPROM controller that speeds 
up EPROM accesses by as much as 
25%, and two 16-bit timers. One of 
the timers can also serve as a 
watchdog timer. The Z16C20’s 
DMAC operates only in the fly-by 
mode. The device costs $18.33 (100). 


Merging pPs and DMACs 


Intel’s 82370, 82380, and 82357 
and Zilog’s Z16C20 are part of a 
definite trend in DMAC IC design. 
Many chip designers are using the 
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80386 LOCAL BUS 


HOLD 
HOLDA 


CLOCK2 


READY# 
READYO# 


WSCO 
WwSC1 


TOUT1/REF# 


151IRQ# 


INT 


RESET 


CPURST 


DREQ7 
EDACKO 


EDACK1 
EDACK2 
EOP# 


AR (CNR meme 


TOUT2# 


TOUT3# 


CLOCK IN 


Fig 1—The combination of a DMAC and several system peripheral devices on one IC 
enables the Intel 82380 to provide capabilities that exceed the sum of its parts. 


bounty of extra transistors, made 
available by the increasing circuit 
densities of advanced IC fabrication 
processes, for additional system 
functions rather than devoting all 
their IC’s transistors to the DMA 
controller. To put it another way, 
many types of ICs now incorporate 
DMACs. In fact, as Table 1 illus- 
trates, an increasing number of wPs 
and Cs include DMACs as part of 
the processors’ basic feature set. 

Intel’s recently introduced 
80960CA pP is an excellent exam- 
ple of a processor with an inte- 
grated DMAC. The 80960CA incor- 
porates a 4-channel DMAC in addi- 
tion to an interrupt controller, a bus 
controller, and an 80960 processor 
core. The wP’s DMAC is so tightly 
woven into the fabric of the chip 
that it shares many of the IC’s hard- 
ware resources with the processor 
core. These resources include the 
integer unit (for incrementing and 
decrementing registers) and the mi- 
crocode ROM. 


Through a variety of clever de- 
sign features, the combined abilities 
of the 80960CA’s processor core, 
DMAC, bus controller, and inter- 
rupt controller let the 80960CA 
achieve better system performance 
than if these functions were imple- 
mented with individual ICs. The in- 
teraction between the 80960CA’s 
DMAC and bus controller demon- 
strates the real power of the com- 
bined on-chip functions. 

As Fig 2 illustrates, two 128-bit 
data buses link the pP’s DMAC, 
bus controller, data registers, and 
lk-byte internal data RAM. Be- 
cause the DMAC and the bus con- 
troller use these very wide buses, 
they can minimize the number of 
data transfers made inside the IC 
by packing the data into 128-bit 
words. 


Move 16 bytes per bus cycle 


Using only one internal-bus cy- 
cle, the 80960’s DMAC can perform 
a 16-byte transfer between the wP’s 
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NOTES FOR POWER SUPPLY DESIGNERS 


Now power factor correction 


is possible with just one chip. 
New IC Produces 0.99 Power factor 


Introducing the new Micro 
Linear ML4812 Power Factor 
Correction System, the first 
control IC dedicated to Power 
Factor Correction for Switch 
Mode Power Supplies. 


in Off-line Power Supplies. 


@ AC Line Voltage 
m@ Line Current With Power 
@ Uncorrected Line Current 


Clean Power. 

Conventional power supplies 
exhibit poor power factor (0.7) 
with a 700W limit to the amount 
of power that can be delivered 
from a conventional 15A AC line. 
With the new ML4812 Power Factor 
Correction system, the supply 
can achieve a power factor rating 
of 0.99 and deliver more than 
1000W from the same 15A line. 

Since the system works from 
90V AC to 265V AC, supplies using 
the ML4812 can be designed for 
Worldwide use without using 
jumpers or switches. 

The ML4812 also helps reduce 


the “pollution’ created by the 
undesired harmonics generated 
by short pulses of line current 
into the storage capacitor. That 
ability is especially beneficial 
now that regulations are pending 
in Europe to limit the harmonics 
that can be put on the line. 


Easy to Use. 


The new ML4812 is the core 
of a unique current-mode boost 
regulator with a controller that 
forces current in the regulator to 
be sinusoidal. With the ML4812, 
you can achieve a power factor of 
0.99 and a load regulation of 1% 
from no-load to full-load. 

To facilitate the wide-duty cycle 
range necessary to cause sinusoidal 
current, the ML4812 has internal 
programmable ramp compensation. 
An Over-Voltage Monitor Circuit 
protects downstream circuitry by 
shutting down the outputs when 
the load is suddenly interrupted. 


— ML4SSt2 


The ML4812 is the Core of a Power 
Factor Correction System 


A low-quiescent current start-up 
mode is controlled by the Under- 


Voltage Lockout Circuit with 7V 
hysteresis. 


ML4812 Includes All Control Functions 
For Power Factor Correction. 


Better Noise Immunity. 


At the heart of the ML4812 is 
a current input multiplier which 
dramatically reduces the IC's 
susceptibility to switching-induced 
ground noise. To further enhance 
noise rejection, the control circuit 
has a 5V dynamic range, while 
most conventional current-mode 
PWM IGs only have a IV range. 


Easily Customized. 


The new Micro Linear ML4812 
is implemented on the FB3490 
analog array, and can be easily 
modified for power supplies with 
special needs. 


For More Information. 


To learn more about the first 
integrated IC control for Power 
Factor Correction in SMPS, call 
(408) 433-5200, extension 900. 

Or write: 
Micro Linear, Dept. FPC, 
2092 Concourse Drive, 
San Jose, CA 95181 


©1989 Micro Linear 


ig 


Micro Linear 
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4k MACRO ROM 


PARALLEL INSTRUCTION DECODE 


REGISTER SIDE 


/_INTERRUP 


INPUTS 
| 248 VECTORS 
LOW LATENCY 


: 41 


| INTEGER 
| EXECUTION 


MULTIPORTED 
REGISTERS 


INSTRUCTION PREFETCH 


MEMORY SIDE 


| REGISTER | 
| CACHE 


DACKx# 
DREQx# EOP/TCx# 


Fig 2—With key system resources on the chip, Intel’s 80960CA ~P can move data more quickly than a multichip implementation can. 
For example, the ~P’s DMAC can provide data to its bus controller over two 128-bit buses, a capability that saves precious bus cycles in 


the data-transfer process. 


registers or on-chip RAM and the 
bus controller. In addition, because 
there are two of these wide data 
buses on the 80960CA, the wP’s 
scheduling circuitry never has to 
turn one of these wide buses around 
between transfers. Packaging and 
pin limitations make 128-bit buses 
impractical as external wP buses, 
and two such external buses are 
simply out of the question. But if 
critical functions are placed on the 
chip, as they are in the 80960CA, 
you can employ such a performance- 
boosting architecture for a 1-chip 
wP design. 

The 80960CA’s bus controller 
uses a mMemory-region configuration 
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table that lets you partition the 
chip’s address space into 16 regions. 
For each region, you can specify 

@ the bus width (8-, 16-, or 32-bit) 

® the byte ordering (big-or little- 
endian) 

@ whether or not the chip’s 
burst-mode feature should be 
enabled 

@ the number of wait states re- 
quired 

@ whether or not to use address 
pipelining. The configuration 
table specifies how the exter- 
nal bus should operate for 
transactions initiated by both 
the processor core and the 
DMAC. 


I/O requests from the 80960CA’s 
processor core and from the DMAC 
appear nearly identical to those 
from the bus controller. The wP’s 
scheduling circuitry treats the 
DMAC as a true coprocessor and 
intermixes its requests with re- 
quests from the CPU in the chip’s 
instruction pipeline. In addition, 
the processor’s instruction set in- 
cludes two DMA instructions (“set 
up DMA” and “update DMA”) that 
facilitate construction of fast inter- 
rupt service routines. DMA instruc- 
tions represent just one more exam- 
ple of the enhanced performance 
that results from building a DMAC 
into a pP. 
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Improve your 
motor skills. 


Siliconix’ new 
system solution 
for more efficient 
motor control. 
Combine an 
Adaptive 
MOSFET 

Driver with 

Fast tr MOSFETs. 


The Siliconix $i9910 
Adaptive MOSFET Driver a 
and new Fast t,, MOSFETs 
optimize system efficiency. Used . 
in tandem they provide circuit wiv 
protection and logic interface in off-line motor applications. 
This unique CMOS-compatible solution for variable-speed 
motor control significantly improves system performance. With 
five circuit protection features and lower power losses, the 
combined system results in higher reliability, smaller size, lower 
cost and reduced design time. 


The Si9910 and Fast t,, 
MOSFET family: system 
solutions for more efficient 
off-line control in motor 
drive and power supply 
applications such as major 
appliances, fans and blowers, 
industrial controllers, 
automobiles, power hand 


tools and UPS. 


Improve your motor skills! Ask for your Si9910 and Fast t,, 
Motor Control Design Kit. Call our toll-free hot line now! 
1-800-554-5565, Ext. 946. 


J Siliconix 


incorporated 


2201 Laurelwood Road, Santa Clara, CA 95054 © 1989 Siliconix inc. 
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TABLE 1— 


‘MANUFAC- 


Now unwrapping. . . Digital Technology's 
first FDDI Test Product. 


FDDI Logic Analyzer Interface 


The DTI-5708 teams with your 
logic analyzer to quickly and easily view 
FDDI traffic. In addition, the D 
validates frame check seq 
signals your logic analyzer 
state changes are detecteo 


And the best news is 
that the DTI-5708 
connects to the FDDI 
ring with no impact 
on timing and netw 
configuration. Call toda 


for additional information. 


1-800-852-1252 


102 CIRCLE NO 14 EDN October 26, 1989 


TECHNOLOGY UPDATE 


A DMAC can transfer data faster 
than a CPU operating at the same 
clock rate because the DMAC is es- 
sentially a zero-instruction-set com- 
puter. While transferring data, a 
DMAC uses no bus bandwidth for 
fetching instructions. In addition, 
the transfer of bus control between 
a CPU and a DMAC requires less 
time than an interrupt context 
switch does. This situation gives 
DMA-based I/O transfers even 
more of a performance edge over 
interrupt-driven transfers. For the 
80960CA, intermixing CPU and 
DMAC requests in the chip’s in- 
struction pipeline completely elimi- 
nates context-switching overhead. 

However, the performance ad- 
vantages of integrated, on-chip 
DMA don’t just benefit new 32-bit 
uPs. You can find integrated 


DMACs in newer versions of well- 


Get the best names 
in the business. From 
the best name in the 
business. Leasametriec. 


1-800-553-2255 


“Ina hurry?” 


Chances are when you need test equipment, 
you need it immediately. Leasametric 
delivers—usually within 24 hours. 


established 8- and 16-bit wpPs as 
well. For example, Zilog’s Z80 proc- 
essor architecture serves as the 
core processor for its Z280 wP and 
for Hitachi’s HD64180 (also avail- 
able from Zilog as the Z180). Mo- 
torola’s 68000 wP, a processor with 
a 16-bit data bus but 32-bit regis- 
ters, is the core processor for the 
Signetics 68070 integrated wP. The 
64180, Z280, and 68070 pPs all in- 
corporate DMACs, as shown in 
Table 1. 


wCs benefit from DMACs, too 


Several 8-bit wCs also include in- 
tegrated DMA facilities. Hitachi’s 
HD647180X, a wC verison of the 
company’s HD64180 pP, replicates 
the wP version’s DMAC capabili- 
ties. Other 8-bit wCs such as 
Toshiba’s TMP90C84X series and 
NEC’s 78K2XX and 78K3XX wCs 


MOSFET protection 
improves your 
motor skill 


provide a form of DMA controlled 
by the CPU’s hardware. 

Block diagrams of the NEC and 
Toshiba wCs do not show functional 
blocks marked “DMA controller,” 
but they have DMA capabilities 
nevertheless. Toshiba calls its DMA 
operations “micro DMA _ process- 
ing.” NEC calls its DMA operations 
“macro service functions.” 

In both NEC’s and Toshiba’s pC 
families, the DMA controller cir- 
cuitry is merged into the processor 
core. Blocks of wC registers hold 
source and destination addresses 
and a terminal count. After a pro- 
gram loads these registers with ap- 
propriate values and activates the 
DMA transfer, the special DMA cir- 
cuitry in the processor core exe- 
cutes the transfer operation with- 
out further program intervention. 

NEC has enhanced the macro 


S. 


Lewsey: 


At last, MOSFET 
protection for more , 
efficient motor control! 

The Si9910 Adaptive MOSFET Driver provides dv/dt and di/dt control, 
shoot-through current limiting, undervoltage protection and short-circuit 
protection. In addition, it drives the high or low side of an n-channel 
half-bridge. 

Improve your motor skills! Ask for your Si9910 Motor Control Design 
Kit. Call our toll-free hot line now! 1-800-554-5565, Ext. 946. 
¢F Siliconix 


incorporated 


Leasametric, Inc. 


Electronic Test Equipment-Renting, Leasing, Sales and Service 


1164 Triton Drive 
Foster City, California 94404 


Count on us. 


A member of The Marmon Group of companies 
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DMA controllers 


service functions of its 78K2XX 
wCs, and its DMA operations can 
often replace quite a bit of software. 
The wC’s type C macro service func- 
tion accepts interrupts from one of 
the chip’s timers. For each inter- 
rupt, the function transfers one 
byte of data to an I/O port and 
transfers a new value to the inter- 
rupting timer. This enables you to 
create two tables, one containing 
data to be output and one contain- 
ing timer values; the type C macro 
service function transfers the data 
using the intervals specified in the 
timer table. 

NEC specifically developed this 
particular DMA mode to allow the 
wC to control the ramp-up and 
ramp-down operations of stepper 
motors. However, this facility can 
come in handy when you need to 
transfer data at irregular intervals. 


Filters 


DATEL's broad line of tunable active filters offers versatile 
connectivity for a wide range of data acquisition applications. 
Signal conditioning, medical telemetry, spectrum analysis, digital 
signal esi and speech recognition are but a few. 

igh performance components can be configured as: 


These 


¢ Butterworth, Bessel, Chebychev, Elliptical 
¢ Low Pass, High Pass, Band Pass, Band Reject 
¢ Resistor, Voltage, Digitally tunable 


¢ Anti-aliasing, Smoothing filters 


Call or write for DATEL's new brochure detailing more than 35 


filter products. 


FILTER FLJ-D6LAI 


INNOVATION AND EXCELLENCE IN PRECISION DATA ACQUISITION 
DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048 (508) 339-3000 


CIRCLE NO 10 
104 


Ormrcry, 
TUNG BUS STATE CONTROL | INTERRUPT _ 
GERERATOR 
RAM UART 
512 BYTES #1 
EPROM 
16K BYTES 
16-BiT 
PROGRAMMABLE 
THMER 


ANALOG 
COMPARATOR 
{S-CHANNEL} |. 


OMA 
CONTROLLER 
{2-CHONNEL) 


SLOCKED 
SERIAL 1/9 


iG PORTS 
{54 PINS} 


Typical of the latest wCs, the HD647180 


from Hitachi incorporates a _ 2-channel 
DMAC in addition to RAM, ROM, and I/O 
devices. 


Most processors can only do this 
through interrupt-service routines, 
which have relatively long and un- 
predictable latency times. The 
78K2XX-wC family’s macro service 


sections. 


techniques. 


68000 
68010 68030 


FOR EMBEDDED SYSTEMS DESIGNS 


The most powerful C cross compiler targeting the 
Motorola 68000 microprocessor family. 


Available on the IBM PC/AT, Sun workstations and 
DEC VAX under Ultrix and VMS. 


Includes source level symbolic debugger. 
Generates System V COFF files. 
Generates ROMable and position independent code. 


°¢ COMPLETE—AII the tools you need for cross-development. 


° VERSATILE—Solves your cross-development 
with features like automatic copying of selected data from 
ROM to RAM at startup time, support for resident libraries, 
and control of up to 126 independently-positionable memory 


HIGHLY OPTIMIZING—Achieves industry leading 
performance through state of the art global optimization 


FAST—Compiles, assembles, links and downloads 10 to 20 
times faster than other high-performance packages. 


(415) 339-8200 
Eger 


6728 Evergreen Avenue ® Oakland, CA 94611 


function treats the job as a back- 
ground task. In addition, the macro 
service function is invisible to the 
wC’s program when operating and 
has a short, fixed, latency time. 
Intel’s 8XC152 wC family incor- 
porates a 2-channel DMAC to sup- 
port its high-speed, on-chip, multi- 
protocol communications controller. 
This controller can handle several 
network protocols including syn- 
chronous data link control and car- 
rier-sense, multiple access with car- 
rier detection, and it is targeted at 
high-speed LAN applications. 
LAN communications generally 
involve high-speed transfer rates, 
and a DMAC helps ensure that the 
wC can move data from the LAN 
to memory quickly and efficiently. 
For example, Ethernet LAN-con- 
troller ICs have incorporated DMA 
capabilities for years. No other 


68020 


roblems 
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AIR FLOW 
SENSORS/THERMOSTATS 
For MIL APPLICATIONS 


Proven reliability for the military. Warren G-V’s unique LS Series 
Air Flow Sensors, VE Series Surface Sensing and C8 Ambient Sen- 
sors have met demanding military environmental requirements for 
25 years. Features: 

e Wide operating ambient temperature range — 55°C to 150°C 

e Rapid response time 

e High shock and vibration characteristics 

e Demonstrated applications include radar, missile guidance, 
undersea, shipboard, airborne and data networks 

e Manufactured in U.S.A. 


Call for Air Flow and thermal application analysis. 


A UNIT OF GENERAL SIGNAL S 


WARREN G-Vv 


1 Apollo Drive 
Whippany, NJ 07981 
Phone: (201) 386-1200 
Fax: (201) 386-9331 


CIRCLE NO 30 


DID YOU KNOW? 


EDN is distributed 


at every major 
electronics/computer show in the 
U.S., France, and Germany. 


EIDIN 


UPDATE 


DMA controllers 


universal serial controller (USC) 
and the $25 (1000) Z16C35 inte- 
grated serial communications con- 
troller (ISCC). The Z16C30 sup- 
ports serial data rates up to 10M 
bps, making it a prime candidate 
for DMA service. It also incorpo- 
rates a 32-byte FIFO buffer so that 
its integrated DMAC can move data 
from the USC to memory in 32-byte 
bursts. Burst operation eliminates 
much of the bus-exchange overhead 
that occurs between a CPU and 
DMAC. That overhead can bog 
down individual DMA transfers. 

The Z16C35’s two full-duplex se- 
rial channels operate at rates up to 
4M bps, and its 4-channel DMAC 
can move data at 3.1M bytes/sec. 
With two serial channels, each run- 
ning at 4M bps, the Z16C35 has 
data-transfer requirements almost 
as stringent as the Z16C30’s. 

One of the key benefits of the in- 
tegrated-DMAC approach is its 
support for fly-by DMA transfers, 
which are the most efficient type. 
Because DMACs are integrated 
into serial devices, a fly-by DMA 
transfer involves only two system 
components (memory and the serial 
chip) rather than three (memory, 
the serial chip, and the DMAC). 
Elimination of the external DMAC 
also reduces or eliminates the need 
for additional glue logic. 

Integrated DMA controllers re- 
quire less board space, improve per- 
formance, and lower costs. As 
higher integration levels allow IC 
designers to redefine existing ICs 
and invent new devices, you will see 
an increasing use of DMA to move 
data in pP- and wC-based systems. 
For data movement, not even RISC 
uwPs can outperform DMACs. 

EDN 


Article Interest Quotient 
(Circle One) 
High 509 Medium 510 Low 511 
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We know how you feel—seems like 
every project has a short fuse. 


That’s why you'll find our extensive 
off-the-shelf line of switches and relays 
worth looking into. We stand ready to 
deliver what you need, when you need it. 


Contoured 
corners and 
matte finishes 
for a stylish 
European 
look. 


And if you need a totally new switch 
or relay, we also stand ready to design 
it. Unlike many vendors, we’ve main- 
tained a tradition of strong service with 
a staff of qualified design engineers. 


Which means you can discuss your 
design problems with people who talk 


Because project 
turnaround time 


Is critical 
call us. 


your language. Who know how impor- Full range 

tant your deadlines are. of types 

You can also count on Eaton to con- and styles, 

tinue bringing you innovative designs. with domestic 

For example, the new European-style & international 

rockers, pushbuttons and indicators 

shown here offer extensive European approvals. 


specification approvals at practical 


prices to help you stay on budget. Or, contact Eaton Corporation, 


Aerospace & Commercial Controls 
Division, 4201 N. 27th St., Milwaukee, 


Convenient WI 53216. Call 414/449-7487. Fax 
front panel (414) 449-6221. 
snap-in 
mounting and 
ante Aerospace & 
: Commercial Controls 


So if you see nothing but time bombs 
when you look at your watch, call your 
Eaton representative. We'll do our part 
to help defuse those troubles. 


E:TeN 
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For the name of your nearest distributor in Europe, call 44-296-625462. Or contact Applied Microsystems Corporation Ltd., Chiltern Court, High Street, Wendover, 
Aylesbury, Bucks HP22 6EP, United Kingdom. In Japan, call 03-493-0770. Or contact Applied Microsystems Japan Ltd., Nihon Seimei, Nishi-Gotanda Building, 7-24-5 Nishi- 


Gotanda, Shinagawa-KU, Tokyo T141, Japan. AMC 240 
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4D) AHEAD: 


INTRODUCING THE FIRST 33-60 MHz 
MICROPROCESSOR EMULATOR 
FOR THE 68020 AND 68030. 


Put your phone in front of you and get ready. 
You're about to get in touch with the future of high 
speed microprocessor emulation. 

For quite some time Applied Microsystems has 
been designing a radical new concept in 32-bit develop- 
ment. Now its ready. The EL 3200. 

Its capable of not only matching current speeds, 
but can efficiently expand to support faster speeds and 
advanced 32-bit microprocessors of the future. 

The news is not just speed, but how the EL 3200 
gets up to speed. 

It runs at full target clock speed—33 MHz for 
68020 and 68030. It fully supports 68030 cache burst 
and synchronous bus cycles. And, since it sits as a node 
right on the trunk of your Ethernet network, the 
EL 3200 can be accessed from any workstation. 

The EL 3200 offers your choice of source level or 
symbolic debugging. Whether you want to work in 
Assembly or C, we can provide the software tools for 
your exact needs. 

The sophisticated breakpoint system has hun- 
dreds of real-time access breakpoints, six real-time exe- 
cution breakpoints and unlimited software execution 
breakpoints. As an option, you can have up 2MB of no 
wait state overlay memory that runs at full clock speed, 
so there are no restrictions on memory, software or 
interrupts. The 16K deep by 139 bit wide trace provides 
true 32 bit support. 

Seeing is believing. For a demonstration or more 
information, pick up your phone. 

Dial full speed ahead and ask for Telemarketing. - 
In WA (206) 882-2000. 

Applied Microsystems Corporation, PO. Box 
97002, Redmond, Washington, USA 98073-9702. 


1800 9253009 


Applied Microsystems Corporation 
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To find distortion 100dB below maximum 
signal, you need a generator that’s at least 
two times better than the device under test. 

That's why the Bruel & Kjaer 1051 is the genera- 
tor of choice when you want to pinpoint dynamic distor- 
tion in ADCs due to differential and integral non-linearities, 
missing codes, noise and aperture uncertainty. 

Individual harmonics from the BGK 1051 are 
less than 0.0008% (— 102dB) in the critical 20Hz to 20kHz 
range, and its broadband noise and distortion is better 
than — 85dBc. 

Its amplitude is accurate within 0.05dB and its 
crystal-clock-based fregency synthesizer is accurate to 
+ 0.18mHz/— OHz. 

And all this signal purity and frequency precision 
does not cost you any additional testing time. The BGK 
1051 settles to its set frequency and amplitude in less than 


Bruel & Kjzer = 


45ms on instructions via its self-contained IEEE-488 
interface (three times faster than most other generators). 

You get plenty of convenience features too. Like 
easy external control with English language commands, a 
1024-point amplitude memory, storage of user-defined 
test routines, and six-decade log or linear frequency sweep 
in one range with selectable upper and lower frequency 


limits. For ADC characterization, ATE, testing ADC 
front ends in telecommunications, navigation systems, 
laboratory and medical instruments and general AC cali- 
bration, choose the Bruel & Kjaer 1051. It gives you what 
you ve always wanted in a test source and never had; sig- 
nal purity, frequency and amplitude accuracy and testing 
speed combined in a single instrument. 

For complete information on the 1051 genera- 
tor, call your nearest Bruel & Kjaer office today or circle 
reader service number. 


DK-2850 Neerum - Denmark - Telephone: +45 42800500 - Telex: 37316 bruka dk - Fax: +4542801405 
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- “WE DEPEND ON EDIN'S MAGAZINE AND 
NEWS EDITIONS TO DELIVER THE 
SPECIFICS ON MAXIM PRODUCTS 

TO POTENTIAL CUSTOMERS.” 


| | Mike Dikas Maxim Integrated Products is one of today’s fastest 
| mara of Communications growing international suppliers of quality analog ICs. In the past five 
axim Integrated Products ; 
years they have introduced more than two hundred proprietary and 
improved second source devices. 


| Director of Communications, Mike Dikas has piloted Maxim’s adver- 

| tising program since its inception. “EDN’s magazine and news edi- | 
tions have played a significant role in introducing many of our new 

products. In the past two years, over 25,000 EDN Magazine and News 

Edition readers have responded to Maxim ads, product releases and 

articles,” says Mike. “Our ads consistently fall in the top 10% in 

reader response in both editions of EDN. What’s even more amazing 

| is that we typically get less than 5% duplication of responses to the | 
same ad in both the Magazine and News Editions.” 


What’s that mean for Maxim? “Since both editions deliver the 
same circulation, it’s apparent to us that the same engineers 
read both the Magazine and News Editions for different 
reasons. Given Maxim’s charter of product proliferation, 
EDN’s in-depth coverage of technical issues and timely 
coverage of new products are both of the utmost impor- 
tance to Maxim.” 


Mike Dikas believes in the complementary roles of EDN 
Magazine and EDN News Editions. 


EDN Magazine and News Editions work for 
Maxim Integrated Products. 
They can work for you. 


A Partnership in Power and Prestige Worldwide. 


Our low-cost 0S/2 tools put more muscle in your PCB design. 


FREE walkthrough demo disk will flex your muscles, not your budget. 


Tired of paying up to $80,000 per PCB design seat? memory with no MS-DOS constraints. Result: improved 
Look at LEDAX™ Plus. For $8795, you can put our design time, manufacturability and reliability. 
workstation-proven, workstation-powerful toolset on FREE graphical “walkthrough” demo disk for 
every OS/2"™-Presentation Manager PC platform. MS-DOS users. Learn the power of LEDAX Plus — its 

LEDAX Plus tools are tightly coupled and highly tools, workstation compatibility and advanced functionality. 


interactive, for easy step-by-step control from Zz Includes FREE bonus: 3 OS/2 utilities for fast 
schematic capture to design to phototooling. You AB. directory manipulation. To order, call toll-free now: 


get networking with Sun/Apollo/ VAX compati- GX (800) 663-6226. Get in touch with LEDAX Plus. 
bility. True multi-tasking. “Point and click” ZF) X ea 


mouse/icon graphical interface. Virtual = 


LEDAX by Microtel Pacific Research. 8999 Nelson Way, Burnaby, BC Canada V5A 4B5. Tel: (604) 294-1471. 


LEDAX is a trademark of Microtel Pacific Research. OS/2 is a trademark of International Business Machines Corp. All other brand and product names are trademarks or registered trademarks of their respective companies. 
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Despite the fact 
that CAD vendors 
recognize the 1m- 
portance of design 
frameworks to 
their customers, 
the frameworks 
don’t yet have the 
flexibility to let 
you choose the 
tools and method- 
ology that best suit 
your needs. 


Michael C Markowitz, 
Associate Editor 
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DESIGN FRAMEWORKS 


CAD tools 


aren't yet 


on speaking terms 


f, like many CAD-literate design- 
ers, you’ve knitted together your 
own suite of independent CAD 
tools, you know what a chore the 
process is. Others, who may be 
considering adding third-party software 
to their single-vendor design environ- 
ment, or who want to customize their 
CAD workspace, may be in for a rude 
awakening. 

The interfaces between tools from dif- 
ferent vendors are akin to the early at- 
tempts to develop a railroad system— 
every company used a different track 
gauge. Therefore, the advantages 
gained from using the most flexible logic 
synthesizer, the most user-friendly 
schematic editor, the fastest simulator, 
and other “best” CAD tools can often 
be lost in transferring your data among 
the tools. As a result of these inefficien- 
cies, the incremental gains realized by 
using a CAD tool that is i 
“better” than the one in- 
cluded in your own CAD 
environment is _ probably 
not worth the pain of inte- 
gration. On the _ other 
hand, capability-extending 
tools that aren’t available 
within your CAD suite 
may be worth the effort of 
integration. 

Responding to your de- 
mands to mix-and-match 
CAD tools, many CAD 
vendors are now entering 
the framework business 
(Table 1). A_ pleasant, 
easy-to-conceptualize defi- 
nition of a framework is a 
software backplane that 
allows you to “plug-in” 


EDA) 


your choice of CAD tools. Through this 
backplane, the software communicates 
with the design database and the tools 
of any other vendor. Unfortunately, the 
combination of today’s lack of frame- 
work and design-database standards 
and the glut of CAD tools and vendors 
makes the communication among the da- 
tabases and the various tools range from 
poor in most cases to excellent in only 
a few. Andy Graham, design automation 
systems group manager at Motorola’s 
ASIC Div and president of the CAD 
Framework Initiative (see box, “Initia- 
tives search for CAD framework”), sug- 
gests that with today’s generation of 
frameworks, “not having something can 
be a lower-cost option than having the 
wrong thing.” 

Ideally, you want the transfer of in- 
formation between tools to be so good 
that changes made within one CAD 


Simulation hameianks let you work Copanrents with switch-, 

gate-, and behavioral-level models, in both the analog and digital 
modes, on the same design. Unfortunately, very few interfaces 
currently exist for today’s simulators. (Photo courtesy Teradyne 
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Design frameworks 


package are automatically made in 
all the others. For example, as you 
modify your schematic, your de- 
sign’s corresponding simulation net- 
list and physical layout would be up- 
dated to reflect schematic changes. 
These mechanical updates would 
maintain data consistency among 
your design’s behavioral, struc- 
tural, and physical representations. 


Such a scenario suggests that you | LL | __ 
should work with a shared data- |— ECARD IDESIGN COMPILER, HILO, [$1000 
. |IKOS HARDWARE SIMU- | | 

base. _ Te. | LATOR, VANTAGE SPREAD- | 

If you do use a shared database, ee ee VERILOG ee 
first is that unless the database of- ____| CAD SYSTEM _ | TANGATE, VERILOG |. 
fers some extensibility, there is no | SILICON _| FOUNDATI > | HSPICE, MACH HARDWARE [$1000 TO 
way to allow for the future integra- ore | eee ? 
Lage) GD bogs WnORE Ht AUEEeS ERADYNE |VANGUARD © |DECSIM, SABER, INCLUDED 
and functions have yet to be de- | EBA | | 0) | SMARTMODELS 
fined. The second, which is perhaps | oe hLhUhmF 1ILO, LM | INCLUDED 
more critical from the vendors’ per- | =  &z|| | ISPICE TESTDEVELOP.. | / 


spective, is that investment in their 
own current tools, databases, and 
data structures makes vendors re- 
luctant to contribute to a shared da- 
tabase. Despite these hurdles, data- 
base sharing does have many at- 
tractions. 


0 specify the procedural interfaces and guide- 


S iS e1 iphasized by - line ; wr developers and integrators. __ 
the seven tech ees that address dif- To define the links between CAD tools, the Inter- 
ferent areas 0 7 oS tool ¢ mmunication subcommittee will use the work 


CAD tools. T 
- you want to perfor : 
the appropriate dat: 
_ mat. The Design 
define a database that 
_ straints of today’s dat 

is also extensible ' 

of other capab 
- Such tasks : 
data consiste n 


ol Corateemnicaioin groups to define a 
ne boundary between the graphics and op- 
tems. The Architecture subcommittee 
alize the interrelationships of the different 
l areas of the CAD framework and, for 
cy, address global frameworks issues. 

lar organization is Engineering Information 
(EIS), which is soi of Opec ul. 
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Some commercial CAD tools pro- 
vide a limited demonstration of the 
automatic-update capabilities you 
gain with a common database. The 
Vantage Spreadsheet from Vantage 
Analysis Systems (Fremont, CA), 
for example, updates your VHDL 
(VHSIC Hardware Description 
Language) circuit description and 
the simulation representation when 
you modify your circuit. Another 
capability, popular within the 
home-grown tools of vendors with 
broad product lines such as Dazix, 
Valid, and Cadence, is real-time 
tool communication, whereby you 
can select a gate in a netlist and 
have it highlighted in your sche- 
matic window. 

Instead of intertool communica- 
tion, what you might get from a 
framework tying together a diverse 
set of tools can vary over a wide 
range. At one extreme of current 
offerings, the framework can be as 
simple as a consistent user inter- 
face, which gives all the tools the 
same look and feel—but makes you 
responsible for ensuring the data 
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compatibility between tools. At the 
other extreme, some frameworks 
provide a way of translating infor- 
mation about your design from one 
tool format to the next. 

The translation can be at any of 
several levels. The most basic level, 
and perhaps the most popular with 
the vendors, utilizes a standard in- 
terchange format, such as EDIF 
(Electronic Design Interchange 
Format) or VHDL. When you want 
to send your design from one tool 
to the next, you merely translate 
your design into one of the standard 
formats. Motorola’s Open Architec- 
ture CAD System, for example, 
uses an EDIF “backplane” that lets 
you transfer data between tools—as 
long as they “speak” EDIF. 

Unfortunately, these translations 
eat up lots of time, especially when 
the tools can’t work with the stan- 
dard formats directly. If they can’t, 
you'll have to run both input and 
output translations. Also, EDIF, 
for example, has no allowance for 
semantics and is therefore subject 
to interpretation, according to Mike 


To date, 
pressed 
dards. S 
a formal 


Price, Valid’s vice president for cor- 
porate engineering and a board 
member of the CAD Framework In- 
itiative. 

An advantage to using standard 
formats, however, is that a large 
number of CAD tools currently ac- 
cept and generate the data in them. 
And, if you use VHDL as your in- 
terchange format, you'll satisfy the 
Dept of Defense’s edict that you 
document all digital ASICs built for 
defense contracts by using behav- 
ioral and structural VHDL descrip- 
tions. 

A more advanced level of design- 
data exchange occurs when the 
framework vendor couples the tools 
together so that access to the de- 
sign data is automatic. Often, access 
is provided with translators that 
convert the output data from one 
tool into the input format for the 
next. Because you are using a single 
translation rather than the two-step 
process of using an EDIF or VHDL 
intermediary, your run time is re- 
duced. 

However, the automatic-transla- 
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tion process implies that the frame- 
work vendor favors a particular de- 
sign methodology. By creating di- 
rect translators between tools, the 
framework vendors define the se- 
quence in which you’d have to use 
the tools. One framework, in fact, 
doesn’t integrate the tools; rather, 
it integrates the design process. 
Powerframe, from EDA Sys- 
tems, is a design-management tool 
that can work alongside a design- 
tool framework. It uses an inde- 
pendent database to track tool and 
file updates, ensuring that you are 
working with the proper tool and 
data files. The design-management 
framework makes no attempt to get 
other CAD tools to communicate, 
but it does monitor version tracking 
and configuration control, data-de- 
pendency tracking, design history 
and status, design-methodology 
control, and tool sequencing and co- 
ordination. In short, Powerframe’s 
purpose is to ensure that your de- 
sign data is consistent, that you’re 


Some frameworks provide more than just tool integration. ASICOpen, from Fujitsu, also 
lets you define a design methodology to assure that you use the correct applications on the 


proper data in the appropriate order. 


working with the proper revisions 
of CAD tools, and that you follow 
your organization’s design method- 


ology. 


USER INTERFACE 


APPLICATIONS 


LANGUAGE 


RUNTIME 
DATABASE 


LIBRARY _ 
MANAGER 


~ ¥ DATABASES 


In this framework schematic, notice that the applications use the procedural interface to 
communicate with the databases. If vendors can clean up this interface and allow you to 
plug in your tools, yow'll find frameworks much more useful. (Drawing courtesy Silicon 


Compiler Systems) 
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Other frameworks are more con- 
cerned with the integration of the 
various tools; they leave the design- 
management problem to the de- 
signer. For example, though Ca- 
dence’s Design Framework offers 
users Cadence’s back-end IC design 
tools mixed with a host of popular 
front-end tool choices, the frame- 
work doesn’t perform design-man- 
agement tasks. Some users suggest 
that the resulting flexibility gives 
too much freedom to designers, who 
may sacrifice documentation to 
meet tight schedules. What the De- 
sign Framework and other tool-in- 
tegration frameworks do offer is a 
user-programming language that 
gives you access to the design data- 
base for integrating some of your 
own tools. 

In addition to Cadence, a number 
of other vendors, such as Viewlogic 
and Silicon Compiler Systems, al- 
ready offer similar access. Others, 
such as Dazix and Mentor Graphics, 
are planning offerings for early next 
year. The accesses the first three 
provide are called procedural-lan- 
guage interfaces because they use 
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ZAX Presents The Best Way To 
Develop, Program, Edit, Erase, Compile 
Assemble, Debug And Compute 
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Along with everything else shown here, we offer emulators for the following processors: 
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6809, 68000, 68020, 68030. And yes, more are on the way. 


f you’re dissatisfied with the for- 

midable task of trying to assemble 
a suitable microprocessor development 
system from different vendors, take heart. 
Now with a simple phone call, you can 
receive complete support for all your 
development equipment needs from one 
supplier—ZAX Corporation! 


WHY DOES SINGLE-VENDOR SUPPORT 
MAKE SENSE? 


When you turn your development needs 
over to ZAX, you’re assured that all 
hardware and software tools were con- 
ceived, designed and tested to work 
together reliably and efficiently. Both 
with your existing system or as a com- 
pletely independent development system. 


That coordination results in a complete 
turnkey development system instead of 
a collection of unmatched components. 
(Surprising as it seems, this modular 
approach to design tools still costs less 
than dedicated systems, yet offers more 
flexibility!) Also, by providing a package 
instead of a puzzle, you end up conserv- 


ing another important resource: Time. One 
phone call. One purchase order. One solid 
commitment. No headaches. 


WHAT TYPE OF HARDWARE 
AND SOFTWARE TOOLS ARE 
WE TALKING ABOUT? 


ZAX offers you a choice of two different 
powerful emulation systems with the ICD- 
and ERX-series emulators. Both can be 
interfaced to a variety of hosts (from PC 
to mainframe) and both offer support for 
a wide variety of processors. There’s also 
our universal interface chassis, the 300i, 
that’s capable of linking our emulators 

to virtually all host computers and operat- 
ing systems. And speaking of computers, 
ZAX can provide you with a model of its 
own—the BOX-ER. 


ZAX can also furnish an array of useful 
support hardware, such as a line of PLD/ 
EPROM programmers and erasers. Our 
ZP-series high-speed programmers inter- 
face to your PC for a powerful combina- 
tion. And the ZE-series line of EPROM 
erasers include everything from an indus- 
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8086/88, 186/188, 80286, 80386, 8085, 8048, V20/30, V40/50, 6301, 64180, 


trial-class, 200-chip model to the world’s 
fastest eraser, the 5-second Quick-E Il. 


Chances are a broad choice of develop- 
ment software is paramount to your abil- 
ity to work in a familiar environment. If 
so, ZAX is still your best source. We offer 
“C,” Pascal, Ada, PL/M and Fortran com- 
pliers, assemblers/loaders, symbolic 
debuggers, source-level debuggers, and 
helpful menu-driven communications pro- 
grams to get you up and running, fast. 


Call ZAX today and get single-vendor 
support working for YOU! Our toll-free. 
number is 1-800-421-0982 (800-233- 
9817 in CA). ZAX Corporation. 2572 
White Road, Irvine, California, 92714. 


In Europe, call United Kingdom: 0628 476 741, 
West Germany: 02162-3798-0, France: 
(03) 956-8142, Italy: (02) 688-2141. 


Zax Corporation 
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dynamic-database extraction within 
either a programming context or a 
procedure. 

Procedural-language interfaces 
provide relatively close tool inte- 
gration, but they demand that the 
tools you want to bring into the 
framework have the appropriate 
hooks. To have the hooks, your 
third-party tool must have been 
written with the expectation that 
it would be integrated into your 
suite of CAD tools; or, you can mod- 
ify the source code. Of course, there 
aren’t too many CAD packages cre- 
ated with the foresight to anticipate 
the integration problems, so you’ll 
have to do some coding. To facili- 
tate the process, however, some vi- 
sionary third-party CAD-tool ven- 


and foiseisoltn ‘ 
multilevel, mixed. 
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dors, including Gateway Design 
Automation (Lowell, MA) and Syn- 
opsys (Mountain View, CA), have 
written their software with entry 
and exit hooks that give the frame- 
work access to their data structures 
through procedural-language inter- 
faces. Other vendors are rewriting 
their tools to add the hooks. 
Writing the interfaces isn’t triv- 
ial. Misha Burich, vice president of 
engineering at Silicon Compiler 
Systems, says that “the task [of 
writing the interfaces] is compli- 
cated and must be done by the CAD 
group.” As testimony to the task’s 
complexity, framework vendors 
such as Silicon Compiler Systems 
and Valid have organizations in 
place that will either write the in- 


terface for you or consult on the 
project. 

While you wait for the framework 
and third-party vendors to add the 
hooks necessary to accept proce- 
dural-language interfaces, you have 
to go through the format and data 
translators. 

Despite the fact that these trans- 
lators are time-consuming and inef- 
ficient, most framework vendors 
continue to give their users tools 
that work with them. Valid Logic 
Systems, for example, currently of- 
fers Dial, a Pascal-based language, 
which lets you write interfaces to 
its CAD environment. 

Even with EDIF- and VHDL- 
level interfaces and programming 
tools that help you write tighter in- 
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Time To Market 


Time to market...the span between inspiration and product introduction. 
You want the shortest path to a successful product launch — but all too often the 
system power supply becomes a stumbling block . . . development delays, 
safety agency approvals, EMI/RFI testing, size problems, cooling issues, cost 
overruns, last minute changes in power requirements, manufacturing disas- 
ters...no matter how innovative your product, you know that your customer's 
satisfaction — and your market opportunity — may ultimately hinge on how well 
your ‘“‘custom’’ power system holds up. 


es a a i A er ee ee 


FlatPAC takes the uncertainty out of power development by offering unprece- 
dented flexibility along with instant availability...in a fraction of the space re- 
quired by conventional switchers. You define your requirements...output 
power from 50 to 600 Watts; one to three outputs; output voltages from 2 to 95 
Volts... we combine our high power-density converters with modular package 
and front-end assemblies to configure a FlatPAC specific to your needs. You 
benefit from the proven field performance and inherently high reliability of our 
component-level power converters, without sacrificing features: UL/CSA/TUV 
recognition, 110/220 VAC input, surge limiting, Class A EMI/RFI, OVP, over- 
current protection, all outputs totally isolated and trimmable, sequenced AC 
and DC status signals...and more. i ; 


Vicor believes that power should be the least of your problems. Let us show you 
how FlatPAC can help you win the race to market. 


1-800-735-6200 


Component Solutions For Your Power System HiIl | GR "4 [G1 @o/ ani 
23 Frontage Road, Andover, MA 01810 1} 
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terfaces, CAD users aren’t satis- 
fied. Tom Abels, a CAE applica- 
tions support engineer at Magno- 
vox, says that the company has re- 
sisted buying a commercial frame- 
work to organize its diverse collec- 
tion of CAD tools. Instead, it devel- 
oped its own framework. With all 
of its users free to choose whatever 
software they want, no commercial ils 
framework gives Magnavox any we 
greater flexibility than the one it EAE 
developed internally at a competi- | od | a 
tive price. 28 s|_) 
Solbourne Computers, which 
makes Sun-compatible worksta- 
tions, has had a similar experience. 
Though it is constantly evaluating } 
commercial frameworks, its need ey 
for the highest performance CAD 
tools has made framework-vendor 
cooperation and commitment criti- 
cal. The company wants to buy a 
framework that will allow it to use Ideally, you’d like to modify your schematic based on the results of a simulation and 


the best tools without the company have your layout automatically updated to reflect the changes—all without having to jump 
having to write translators or inter- 0™ one application package to another. (Photo courtesy Cadence Design Systems) 


Mitype-specific command 
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For more information... 


For more information on the computer-aided-design frameworks discussed in this article, circle the appropriate 
numbers on the Information Retrieval Service card or use EDN’s Express Request service. When you contact any 
of the following manufacturers directly, please let them know you saw their products in EDN. 


CAD Framework Initiative Inc 


c/o MP Associates Ine 
7490 Clubhouse Rd, #102 
Boulder, CO 80301 

(303) 530-4562 

Circle No 716 


Cadence Design Systems Inc 
555 River Oaks Pkwy 

San Jose, CA 95134 

(408) 943-1234 

FAX 408-943-0513 

Circle No 717 


Dazix 
Daisy/Cadnetix Inc 
5775 Flatiron Pkwy 
Boulder, CO 80301 
(803) 444-8075 

FAX 303-447-0508 
Circle No 718 
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EDA Systems Inc 
3255 Seott Blvd 

Bldg 3 

Santa Clara, CA 95054 
(408) 986-9585 

Circle No 719 


Fujitsu Microelectronics Inc 
Integrated Circuits Div 

3045 N First St, Bldg 1 

San Jose, CA 95134 

(408) 922-9831 

FAX 408-432-9044 

Circle No 720 


Mentor Graphics Corp 
8500 SW Creekside Pl 
Beaverton, OR 97005 
(503) 626-7000 

Circle No 721 


VOTE... 


Motorola Inc 

CH180 

1300 N Alma School Rd 
Chandler, AZ 85224 
(602) 821-4426 

Circle No 722 


Silicon Compiler Systems 
2045 Hamilton Ave 

San Jose, CA 95125 

(408) 371-2900 

FAX 408-559-4916 

Circle No 723 


Teradyne EDA 

5155 Old Ironsides Dr 
Santa Clara, CA 95054 
(408) 980-5200 

Circle No 724 


Valid Logic Systems 
2820 Orchard Pkwy 
San Jose, CA 95134 
(408) 432-9400 

FAX 408-432-9430 
Circle No 725 


Viewlogic Systems Inc 
313 Boston Post Rd W 
Marlboro, MA 01752 
(508) 480-0881 

FAX 508-480-0882 
Circle No 726 


Please also use the Information Retrieval Service card to rate this article (circle one): 
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Sipex means monolithics. Leading-edge op-amps with the highest range of speed and precision. Available today in military and 
commercial grades. Call: 1-800-272-1772 or FAX: 508-670-9001. Sipex Corporation, Six Fortune Drive, Billerica, MA 01821 
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SCSI 


Analyzer/ 
Emulator 


> POWERFUL 
> EASY TO USE 
> AFFORDABLE 


Features: 

= 50 ns Time Stamp 

» Sync and Async Tracing 

» 32K Event Trace Memory 

= Initiator and Target Emulation 

« Custom Routines Programmable In C 
= Easily Readable “SCSI English” Display 


> Display trace memory [in structured format] 
Enter starting addr(Hex): 0 


0001 : Arbitration /80 
Select w.ATN /CO 
Message-Out/C0( Identify) 
Command /12(Inquiry) 00 00 00 30 00 
Data-In /00 00 01 01 29 00 00 00 43 4F 4E 4E 45 52 20 20 
43 70 33 34 30 20 28 34 30 6D 62 20 33 2E 35 29 
2D 30 34 20 42 30 31 33 54 42 20 20 20 20 
Status /00 
Message-In /00 
ee 


Arbitration w.ATN /80 

Select w.ATN /CO 
Message-Out/CO0( Identify) 
Command /08(Read) 00 00 10 01 00 
Message-In /04(Disconnect) 


ree 
Arbitration /40 
Reselect /CO 
Message-In /80( Identify) 
Data-In /00 00 00 00 12 34 56 79 12 34 56 7A 12 34 56 7B 
12 34 56 7C 12 34 56 7D 12 34 56 7E 12 34 56 7F 


> Display trace memory [in BINARY format] 
Enter starting addr(Hex): 0 
: BSY SEL ATN RST MSG I/0 C/D DATA ParErr Exp Time Diff (ns) 
Me Sie pe ec! ee, ORE pe 00 0 000 
a tas 
: A 
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755 E. Bayshore Road, 18A 


Redwood City, CA 94063 
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faces. “The vendors are making lots 
of noise about frameworks, but they 
seem to have a low willingness to 
commit. They’d like to let the first 
or second guy make all the mis- 
takes, then they can learn from the 
other guys’ mistakes and be the 
cavalry riding over the hill,” says 
Dan Ganousis, an ASIC design en- 
gineer at Solbourne. 

There are companies, though, 
that have adopted commercial 
frameworks. Senior CAD Engineer 
Dwight Klaus explains Microchip 
Technology’s decision to use the Ca- 
dence Framework as largely the re- 
sult of Microchip already using most 
of Cadence’s tools. However, in- 
stead of the simulators Cadence of- 
fered, Microchip wanted to bring 
Zycad’s Mach simulator and Silicon 
Compiler Systems’ LSIM into its 
environment. Klaus found the proc- 
ess of going through Cadence’s in- 
terpreted-interface language, Skill, 
to be both time-consuming and 
painful. He estimates it took his 
CAD group three to four man- 
months to create the Mach inter- 
face, but once they learned some 
programming tricks, they cut the 
time in half for the LSIM interface. 
However, his group is still refining, 
debugging, and enhancing the in- 
terfaces. Worse, maintenance ac- 
tivities consume up to 20% of his 
time. And even with the interfaces, 
Klaus figures that Microchip’s sim- 
plest designs require 15 minutes to 
feed through the translators—and 
the process slows considerably with 
increasing circuit complexity. 

Users aren’t the only unhappy 
ones. Some third-party CAD-tool 
vendors are worried that the frame- 
work vendors’ hearts aren’t in the 
right place. According to Shawn 
Hailey, president of Meta-Soft- 
ware, “Because they make money 
selling the interfaces, most [frame- 
work] vendors are more motivated 
selling a disorganized set of inter- 
faces than a cohesive set of tools.” 


In addition, Meta-Software has 
found that framework vendors can 
design an interface for their own 
tools at whatever level they want, 
but third-party vendors have found 
the playing field tilted. 

Meta-Software has encountered 
resistance to its efforts to develop 
the front end for its software. The 
resistance might be an attempt to 
protect a framework vendor’s pro- 
prietary database or a move to fa- 
vor the vendor’s competing tool, 
but the company wonders whether 
a CAD user’s proprietary tool 
might face the same obstacles. 

If you’ve already constructed 
your own design framework, then 
the current generation of frame- 
work tools probably doesn’t offer 
you anything you don’t already 
have. On the other hand, if a broad- 
line CAD vendor or silicon supplier 
selling CAD tools offers most of the 
tools you need, then integrating one 
or two tools might be a worthwhile, 
though far from trivial, undertak- 
ing. And, if you want to integrate 
popular tools and you have some 
leverage, you might negotiate hav- 
ing the CAD supplier build the in- 
terface—but don’t be surprised if 
he turns you down. 

As with the first generation of 
most CAD tools, the sizzle promises 
more than the steak delivers, but 
“it’s important to remember that 
frameworks are an evolving tech- 
nology,” says Kathleen Barry-Al- 
bertini at Harris Scientific Calcula- 
tions. Whereas these frameworks 
may not provide you with the capa- 
bility you need today, they ulti- 
mately should develop into a power- 
ful tool that will give you much 
greater design flexibility. 
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Sipex means monolithics. Leading-edge interface products that save board space and system power Available today in a full 
family of configurations. Call: 1-800-272-1772 FAX: 508-670-9001. Sipex Corporation, Six Fortune Drive, Billerica, MA 01821 


EDN October 26, 1989 CIRCLE NO 113 


125 


VME BOARD 
COMPATIBILITY 
GOT YOU ABIT 
UP-TIGHT? 


You'll breathe a lot easier with the “VIC” chip 
designed in. Because it brings real plug-and-play 


compatibility to the VME world. y 


The VICO68 is a complete VMEbus 
interface controller on a single device, 
destined to become an important 
new standard for VME developers. | 

The chip was developed through the 
joint efforts of VTC and aconsortium of 
VME board vendors, under the auspices of 
the VMEbus International Trade Association 
(VITA). It addresses the long-standing need for a 
compact, fully featured, yet low-cost standard 
interface device—one that isn’t the result of a 
single vendor's design philosophy. 

What it means to VME board designers is en- 
hanced functionality in less real estate. By reduc- 


ing the number of components, it frees up signif- 
icant board space for other features. 

What it means to both VME vendors and sys- 
tems integrators is guaranteed compatibility of 
boards from different suppliers. 


~_ 


vTc Incorporated 
Performance, Pure & Simple 
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The VICO68 chip drives the bus directly, using 

the mil-standard, qualified, patented output driv- 

4» ers from VIC’s advanced CMOS logic 
(ACL) product family. 

e It's manufactured with VTC’s 
proprietary one-micron CMOS 
standard cell process, providing 

gate speeds to 400ps and a clock 
speed of 64MHz. 

. The VICO68 is available in a low- 
cost, 144-pin, plastic pin grid array (PGA) 
package. A military version of the chip will 
also be available soon. Plus more ICs from VTC 
for a “total VME solution.” 

So, take the horror out of VME board compat- 
ibility once and for all. Call for complete infor- 
mation on the VICO68 VMEbus Interface 
Controller today. 

VTC Incorporated, 2401 East 86th Street, 
Bloomington, MN 55425 USA. Fax 612/851- 
9199. Telex 857113. (In Minnesota, call 612/ 
851-5200.) 


CALL 1-800-VIC-CM0S 
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A PERSPECTIVE ON DESIGN ISSUES 


eyond VGA 


MegaChip 


IN THE ERA OF 


eround swell of support is 
rallying behind TIGA-340", the 
Texas Instruments Graphics 
Architecture. It and TI’s TMS340 
family are poised to become the 
next standard beyond VGA as PC 
users demand higher performance 
and resolution. 


The PC graphics standard 


anyone Can use 

TIGA™ is a high-performance 
software interface that optimizes 
communications between industry- 
standard 340 family processors and 
the PC host processor. 

With TIGA, hardware and 
software specifications for a PC 
graphics standard are open and 
available from inception — one of 
the reasons why more than 100 
companies have already made plans 
to evaluate TIGA-compatible 
hardware and software products. 


Lowest cost, 
highest performance 


TIGA’s move into the mainstream 
is being fueled by the price of 
TMS34010-based boards falling to 
well below $1,000. In fact, TI’s 
34010 processor is the most 
economical way to implement high- 
performance 1024 x 768 resolution 


PC graphics boards. The faster 


A PERSPECTIVE ON GRAPHICS INTERFACE STANDARDS 


TIGA-340 from Texas: 


The open graphics interface standar 
a clear path for your future. 


TIGA-340: STANDARD FOR TODAY AND TOMORROW 


BEEZ EH 


Just as MS-DOS® allows applications to run on any MS-DOS PC using 80X86 processors, 
TIGA allows graphics applications to run on any TIGA display system using a 340X0 


processor. 


speed and greater throughput of the 
second-generation 34020 result in 
even higher performance boards. 


Clear migration path 


TIGA provides a common platform 
upon which graphics applications 
can take advantage of the process- 
ing power of the TMS340 family. 


Software developers no longer 
have to rewrite code in order to 
migrate to higher performance 
hardware. Software applications 


that run through TIGA on the 
34010 processor run on the upward- 
compatible 34020 as well as on 
future 340 family members. 

Hardware developers benefit 
from wide software support, 
reduced system development time 
and costs, and easy differentiation 
of products. 


At present, TIGA supports DOS- 
based PCs, with UNIX™ and OS/2 


forthcoming. 


IN THE ERA OF MEGACHIP TECHNOLOGIES 


lInstruments:/ 
that defines 


Applications portability 
TIGA allows an application to be 
ported to a wide variety of 340- 
based graphics systems with a single 
software driver. Applications will 
run without modification regardless 
of resolution, color content, or 
specific 340 family processor. 
For example, the Microsoft® 
Windows driver, which is part 
of the TIGA Software Porting 
Kit (see next page), allows 
Windows to run without 
any change on boards 
having resolutions from 
640 x 480 to 4096 x 
4096 and color 
content from 
monochrome to 
256 colors 


Or More. 


Speeds time to market 


Now hundreds of popular 
applications can be made 
available for your new graphics 
product almost instantly using 
TIGA and Microsoft Windows. 
Porting TIGA to a 340-based board 
typically takes less than one man- 
week of effort. 


= 
= 
= 
= 
= 3 
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More than 150 OEMs have 
made the TMS340 graphics family 
their own. That wide acceptance, 
coupled with open architecture and 
a defined migration path, makes 
the future for TIGA-340 and the 
TMS340 family rich and promising. 


A PERSPECTIVE ON GRAPHICS INTERFACE STANDARDS 


TI’s leadership TMS340 TIGA-340 DEVELOPMENT KITS 

graphics family TMS340SPK-PC 

No other supplier comes close to TI SOFTWARE | 
in the range of cost/performance PORTING KIT | 
options for the development of is for use by hardware | 
integrated graphics solutions. The a sp i el 

widely used TMS34010 processor to any TMS340-based 

and other family members are now So | 


being joined by a group of new- 
generation products that will bring 
the higher levels of workstation per- 
formance to PCs. 

Chief among these is the 
TMS34020, a programmable, 32- 
bit processor up to 20 times faster 
than the 34010. 

For use with the 34020, the 
TMS34082 will perform floating- 
point operations up to 100 times 
faster than current PC coproces- 
sors. It is the industry’s first 
eraphics floating-point coprocessor. 


Free user’s guide 
For more information about the 


TIGA-340 standard, get your free 


The family’s video RAMs, copy of the TIGA-340 Interface 
invented by TI, have been aug- User’s Guide and the TIGA-340 
mented by the TMS44C251 Interface Brochure. 


Call 1-800-336-5236, ext. 3526, 
or write Texas Instruments 
Incorporated, P.O. Box 809066, 
Dallas, Texas 75380-9066. 


1-megabit VRAM. It was designed 
in conjunction with the 34020 

for the high system bandwidths 
demanded by today’s mid- and 
high-resolution graphics 

systems. 


TI’s MegaChip™ Technologies are the 
means by which we can help you and 
your company get to market faster with 
better, more competitive products. Our 
emphasis on volume manufacturing of 
high-density circuits is the catalyst for 
ongoing advances in how we design, 
process, and manufacture semiconduc- 
tors and in how we serve our customers. 


" TIGA-340, TIGA, and MegaChip are 
trademarks of Texas Instruments Incorporated. 

” UNIX is a trademark of AT&T Bell Laboratories, Inc. 
Microsoft and MS-DOS are registered trademarks 
of Microsoft Corporation. 


© 1989 TI 08-9254 


TEXAS 
INSTRUMENTS 


“They're the fastest way to get us 
from finished design to finished 
product? 
“The 4Mb density means 
we can increase program 
storage.’ 
“Not only that, it improves relia- 
bility by reducing parts count. And 
it reduces system power demand.’ 
“Plus, the high-speed pro- 
gramming mode cuts pro- 
gramming time. To about 
’s the time-per-byte of a 

_ IMb EPROM? 
“They're JEDEC standard, they’re 
fast, and Toshiba can deliver them 
fast.” 
If your designs call for multiple EPROMs, 
these devices are just what the designer 
ordered. 
They re 524,288 word by 8 bit CMOS 
EPROMs, electrically programmable and 
erasable by ultraviolet light. They access in 
as little as 150 ns. The high speed program- 
ming mode reduces programming time to 10 
microseconds per byte. And they draw only 
50 ma at 6.7 MHz. Only 100y.a on standby. 
They come in a 600 mil JEDEC standard 32- 
pin cerdip package. 
Whatever your microprocessor program 
storage application — operating code, diag- 
nostic software, even standard software pack- 
ages — these advanced EPROMs will give 
you a real design advantage. Their byte-wide 
organization makes them ideal for the job. 
The 4Mb density cuts cost-per-bit over the life 
of the system. And the 4Mb EPROM saves 
board space by reducing the number of 
_ EPROMSs required. 
These advanced 4Mb EPROMs are a prod- 
uct of Toshiba’s proven 0.8-micron CMOS 
technology. Approximately 4.2 million tran- 
sistors are integrated on a single chip. 
Advanced technology like this put Toshiba 
in the forefront of the electronics industry. 
Meeting quality, cost and delivery commit- 
ments helps keep us there. 
if you'd like technical literature 
on Toshiba EPROMs, give us a call at 
1-800-888-0848 ext 517. Service is our 
key component. 


In Touch with Tomorrow 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


© 1989 Toshiba America Electronic Components, Inc. MST-89-020 


Call your local Toshiba Distributor: Cronin Electronics, Inc.; General Components, Inc.; Goold Electronics; ITT Multicomponents Corp.; Marsh Electronics; Marshall Electronics, Inc.: 
Merit Electronics; Milgray Electronics, Inc.; Reptron Electronics; Rome Electronics; Space Electronics; Sterling Electronics; Western Microtechnology, Inc. 
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SHOW PREVIEW 


Current technologies 


gO on stage at Wescon 


The City by the Bay 1s 
the venue for the 38th 
annual show, where 

you can evaluate pro- 
ducts, polish your tech- 
nical knowledge, make 
contacts, and keep up 
with current trade issues. 


Kathleen Vejvoda, 
Associate Editor 


Bis 
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an Francisco’s Moscone 
Convention Center and 
Brooks Hall/Civic Audito- 
rium complex will be the 
scene of Wescon/89 from 
November 14 to 16. During the 3- 
day event, you can view 1200 exhib- 
its of electronics wares and attend 
technical-study sessions. More than 
1000 companies will display and 
demonstrate products such as elec- 
tronic-design and -automation tools; 
test, measurement, and inspection 
tools; semiconductors and other 


components; and production equip- 
ment. Also, you can attend a wide 


selection of technical sessions focus- 
ing on design and manufacturing 
topics. 

The show will introduce Autonet, 
a multivendor network of circuit- 
design and -test software and 
equipment. This exhibit will take 
you through the complete design 
cycle of a functional pe assembly 
and show you how each element in 
this networked, CAE/CAD system 
contributes to the development of 
a typical electronic product. In ad- 
dition, a special section of the show 
floor—the Automated Design Cen- 
ter—will feature demonstrations of 
automated-design tools and engi- 
neering workstations. 


Another exhibition highlight is 
the microwave/RF product section, 
which will be located in Brooks 
Hall. This section of the show floor 
will display products such as ampli- 
fiers, attenuators, connectors, fil- 
ters, mixers, oscillators, switches, 
and test equipment. 

When youre not visiting exhibit 
booths, you can attend any of more 
than 50 technical sessions and short 
courses. This year’s hot technical- 
session topics include neural net- 
works; video-systems technology; 
32-bit | embedded controllers; 
VHDL (the VHSIC hardware-de- 
scription language); and the high- 
definition-television systems that 


have been proposed for the new 
FCC standards. 

Wescon offers two special ses- 
sions on neural networks. Session 
33 will discuss what is needed to 
make this fault-tolerant technology 
commercially viable. The session 
will focus on how to start using neu- 
ral networks for real applications, 
and a special presentation will ex- 
plore the research and use of neural 
networks in Europe. Session 29 will 


Convention and Visitors Bureau 


Photography courtesy of San Francisco 


report on the latest neural-network 
applications, including communica- 
tions, robotics, and military applica- 
tions. 

Video-systems technology in im- 
aging, entertainment, and commu- 
nications is the subject of Session 
21. The session will include a look 
back at 50 years of video systems 
and a look ahead to emerging trends 
in interactive media systems. Other 
papers will discuss desktop video 


Bie 


Show preview 


systems and the evolution of global 
standards for high-definition televi- 
sion. (If you’re interested in high- 
definition television, a presentation 


on possible systems for this technol- 
ogy will take place each day of the 
show from 9 to 11 am.) 

If you enjoy a healthy debate 


about design tactics, you can attend 
Session 26, in which representa- 
tives from Motorola Corp and Intel 
Corp will each present their com- 


WESCON/89 TECHNICAL SESSIONS 


nnn MOSCONE CENTER CIVIC AUDITORIUM MERIDIEN HOTEL 
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Feed this to your PC 
pany’s competitive solutions to and it think it’s all 


high-level, high-performance em- 
bedded-system design. Other com- ; 

panies will present papers on em- WOL fafion 
bedded applications and on develop- : 
ment tools for embedded 32-bit sys- 
tems. This special session will con- 
vene on Thursday, November 16, 
at 8:30 am. 

Papers in Session 14 will delve 
into designing, modeling, and test- 
ing with VHDL. In addition to the 
technical sessions, you can attend 
any of 19 short courses, which will 
cover, among other topics, modern 
microwave semiconductor devices, 
optics and computing, and environ- 
mental-stress screening. The tech- 
nical sessions will be held at the 
Moscone Center, the Civic Audito- 
rium, or the Meridien Hotel, and 
all short courses meet in the Civic 
Auditorium. You must pay a fee for 
any short courses you wish to at- 
tend. 

A conference entitled “Economic 
Forecast for 1990 and Beyond” will 
examine the impact of the economy 


Finally, there’s a way for serious technical 
computer users to get the power and features of 
HP BASIC on a PC. The answer is HTBasic, a 
real engineering BASIC that turns your PC 
into an HP 9000 series 200/300 BASIC 
workstation—at a fraction of the 
cost. 

Like HP’s Rocky 
Mountain BASIC, HTBasic 
from TransEra is a state-of- 
the-art BASIC that gives you all 
the capabilities you need for complex 
engineering applications. Plus, you get 
important advanced features you won’t find 
with any other PC BASIC. Like the complete set 
of HP graphic commands. Integrated HPIB (GPIB) 
syntax for intelligent instrument control. The advanced 
1/0 Path system. And built-in matrix math. In fact, all the 
optional HP binaries are built in. There’s nothing else to load. You 
even get the full screen program editing and debugging 
environment. 


; : Discover the new 
on the electronics and computer a solution for cost-effective 
dustries. Many visitors are likely to fier GiotksiatiGns, 
be interested in the special panel pace won iranskra. ak eA h 


discussion “Europe 1992” on Tues- 
day, November 14, which will ad- 
dress the implications for American 
companies of the 1992 EEC accords. 
All conferences require a fee. 

For more information on Wescon, 
call Electronic Conventions Man- 
agement at (213) 772-2965. Also, 
watch for EDN’s extensive cover- Be An Author! 


age of Wescon product exhibits and 


HP HP BASIC and HPIB are registered trademarks of Hewlett-Packard. 


Trear2SE red 3707 North Canyon Road, Provo, Utah 84604 * TEL: 801-224-6550 © FAX: 801-224-0355 
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technical sessions in the next issue. When you write for EDN, you earn professional recognition. And you earn $75 per 
published magazine page. 


EDN publishes how-to design application information that is read by more than 
137,300 electronics engineers and engineering managers worldwide. That’s an 


Article Interest Quotient audience that could belong to you. 
(Circl e On e) If you have an appropriate article idea, send your proposal and outline to: John 
a F Haystead, 275 Washington Street, Newton, MA 02158-16350. 
High 515 Medium 516 Low 517 For a FREE EDN Writer’s Guide—which includes tips on how to write for EDN 


and other technical publications—please circle number 800 on the Information 
Retrieval Service Card. 


First in Readership among Design Engineers and Engineering Managers in 
Electronics. 
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The VME Volksclosure. 
$995. Ready to Run. 


Finally. The economies of mass production catch up 


You do get a choice between two multiple-output power 
with VME and Multibus I! enclosures. supplies: 190 Watts with 19A at + 5V or 270 Watts with 
Introducing the Volksclosure, Electronic Solutions’ 30A at + 5V. You can also choose a J2 backplane for VME 
economy model enclosure with turbo performance. All extended addressing or iLBX Il for a Multibus Il system. 
you do is add cards and peripherals for a complete, 


attractive desktop computer. 

With the Volksclosure (also known 
as our Model One) everything comes 
standard: six VME or Multibus II slots, 


Most important, while the Volksclosure costs less, you 


dont get less. It fully reflects Electronic 
Solutions’ commitment to quality and 
performance. For example, 


YE 
it meets UL and CSA oF aly 
space for three half-height 54” disk safety standards and a) 
drives, and a high-performance FCC Class A EMI/RFI a] 
six-layer backplane all in a highly 


specs to the letter. 
The New Volksclosure. How 
to get alot more mileage from your 


packaging budget. Call right now 
for complete details. 


tooled enclosure with our handsome 
front panel that hides those ugly 
connectors and cables. 


We'll FAX you the facts 


Want the latest data in a hurry? Nothing is faster 


@ 
Berea than Electronic Solutions’ new ‘‘FAX the FACTS”’ Flectronic 
REQUESTED NEORMATION C= program. If you have a FAX machine, just call our ZERO a 

oo eauatt 800" number, give us your FAX number and — 

See type of FAX machine, and the information you 0 U ions 

: Ore . need from us. We’ll FAX it to you immediately. UNIT OF ZERO CORPORATION 

eee : : : : 
~ ee | | 
——— 6790 Flanders Drive, San Diego, CA 92121 - (619) 452-9333 Telex !I(TWX): 910-335-1169 
Se Call Toll Free: (800)854-7086 In Calif. (800)772-7086 

136 — ———- = CIRCLE NO 116 


Power 
Ae a svaae) ene 
eral MOU ris 


PRODUCT UPDATE 


7 


Logic analyzer triggers on 
hardware faults to 2 GHz 


The Prism 38001HSM_hardware- 
analysis logic analyzer is the newest 
member of Tektronix Inc’s recently 
introduced Prism 3000 family. By 
using a group of “leadsets” (units 
that everyone but Tektronix would 
call pods), you can tailor the 
3001HSM’s capabilities to your 
needs. The analyzer also lets you 
establish trigger conditions based 
on the way you think about hard- 
ware problems. For example, the 
3001HSM will trigger directly on 
setup times that violate limits you 
specify or on pulse durations nar- 
rower than a value you supply. All 
told, the 3001HSM can test for 15 
fault conditions. Customarily, logic 
analyzers do not trigger directly on 
faults; triggering must conform to 
restrictions imposed by the instru- 
ment. 

With the appropriate leadset, the 
analyzer can acquire data asynchro- 
nously at 2 GHz on four channels 
and store 12k words of data. If you 
choose a leadset with a maximum 
asynchronous acquisition rate of 400 
MHz on 20 channels, the unit uses 
transitional timing to effectively in- 
crease its memory depth. For state 
analysis, the instrument can ac- 
quire data synchronously on 18 
channels at 800 MHz, a figure that 
drops to 200 MHz during dual- 
threshold acquisition, a mode useful 
for spotting marginal amplitude 
conditions. You can also add lead- 
sets that digitize two analog wave- 
forms to 11 levels (3'4 bits) at 400M 
samples/sec. Because the leadsets 
are external to the logic analyzer, 
you can rapidly reconfigure the sys- 
tem. 

The heart of the instrument is a 
large pc card, the 30HSM. As many 
as ten 80HSM boards can plug into 
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Plug-in “leadsets” allow you to quickly re- 
configure the Prism 3001HSM high-speed 
hardware logic analyzer. As many as 10 
30HSM boards (the 30HSM forms the heart 
of the stand-alone 3001HSM) can plug into 
the expandable system units of the 3002 se- 
ries to provide 200-channel capacity. 


the company’s Prism 3002 series of 
modular logic-analysis systems to 
give the systems a capacity of 200 
fully time-aligned channels. The 
30HSM costs $6500; the 3001HSM 
carries a base price of $11,000. 
Leadsets range from $900 to $2400. 
Delivery is eight weeks ARO. 
—Dan Strassberg 
Tektronix Inc, Box 12132, Port- 
land, OR 97212. Phone (800) 426- 
2200. 
Circle No 731 
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1280 Xx 1024-pixel image-processing boards 
run at 30-MHz bus speeds 


Your IBM PC/AT or compatible 
computer can now perform real- 
time image processing and acquisi- 
tion at display resolutions reaching 
1280 x 1024 pixels. All you have to 
do is plug in a set of four boards 
collectively referred to as the Im- 
age Series. The four 
boards include the IM- 
1280 base board, the 
IM-RTP real-time proc- 
essor board, the IM-CLD 
eolor-acquisition board, 
and the IM-ASD asyn- 
chronous slow-scan and 
high-resolution acquisi- 
tion board. These boards 
communicate via a pro- 
prietary 32-bit dual-bus 
expansion interface that 
provides a data rate of 
30 MHz. 

The IM-1280 base 
board performs system 
and display control by 
means of a resident 10- 
MIPS, 32-bit TMS34020 
graphics processor that 
serves as a local CPU. 
Accordingly, this intelli- 
gent controller handles 
the communications 
among the Image Series boards 
without monopolizing the host’s 
CPU. An address generator pro- 
vides independent processing and 
display addresses for concurrent 
data display and manipulation; 
thus, the board provides flicker-free 
displays even while performing 
data transfers and operations. 

The base board uses a pipelined 
architecture to maximize system 
throughput. A software set of more 
than 200 graphics and image proc- 
essing functions resides on the IM- 
1280 to cut development time. Re- 
ferred to as the Core code, these 


138 


functions include convolutions, sta- 
tistics, measurements, and recur- 
sive morphology. For intense num- 
ber-crunching, you can add a 40M- 
flops TMS34082 floating-point unit. 

The IM-1280 contains four 
1kx1kx8-bit frame buffers that 


This 4-board set uses a 32-bit graphics CPU to provide a sustained 
serial-processing rate of 50 frames/sec for real-time point-to-point 
transforms and spatial filtering. 


you can stack for true-color image 
processing. The base board also has 
a separate 2kx1kx4-bit overlay 
buffer, thereby allowing you to cre- 
ate complex graphics-and-image 
compositions. 

Additional host-based software li- 
braries and drivers come with the 
Image Series to further reduce ap- 
plication development time and to 
simplify system integration. Stan- 
dard libraries include support for 
such user interfaces as X-windows 
and Presentation Manager. You 
also receive a command-line inter- 
preter, a configuration program, 


and a diagnostics program. 

The IM-RTP real-time processing 
board performs such functions as in- 
terimage manipulation, point-to- 
point transforms, statistics, and 
morphology analysis. Images can 
come from a live video input or a 
frame buffer. Or the 
board can combine live 
and stored data for such 
processes as frame aver- 
aging. The IM-RTP con- 
tains a 15-MHz, 1000- 
MIPS programmable 
pipeline processor that 
lets you simultaneously 
perform aS many as 
seven operations. For a 
512 X 512-bit image, this 
translates into a process- 
ing rate of 50 frames/sec. 

The IM-RTP lets you 
do real-time image sub- 
traction, temporal filter- 
ing, and edge detection. 
The board also provides 
hardware support for bi- 
nary, recursive, and 
gray-scale morphology, 
spatial filtering, statis- 
tics, and point-to-point 
transforms. This proces- 
sor also lets you define a region-of- 
interest (ROI) and limit the proc- 
essing to that region. Furthermore, 
statistics that you associate with 
object labels are performed in paral- 
lel on every object. Therefore, the 
time it takes to extract the statis- 
tics 1s independent of the number 
of objects in the image. 

The IM-CLD color module ac- 
cepts NTSC; PAL (phase alterna- 
tion line), the European television 
broadcast standard; Super-VH; RS- 
170; and RS-330 video input signals. 
The board can digitize the red, 
green, and blue color components 


. 
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with 8-bit or 15-bit resolution on 
each channel. Using this board, you 
can acquire and display true-color 
images in real time. The IM-CLD 
also performs full-resolution color- 
space conversions to and from RGB, 
HSI (hue, saturation, intensity), 
and YIQ (intensity, in-phase, quad- 
rature-phase). This module has four 
analog video-input channels, so you 
can perform real-time switching be- 
tween multiple video sources. 

The IM-ASD _ asynchronous 
digitizer monochrome monitor can 
also accept video inputs from four 
analog sources, or from one digital 
source. You can feed this unit 16-bit 
digital signals at programmable fre- 
quencies ranging from 0 to 30 MHz. 
This board digitizes analog informa- 
tion at 8 bits/pixel with a sampling 
frequency reaching 15 MHz. The 
board can also generate synchroni- 
zation signals to define both exter- 
nal and internal synchronization re- 
lationships. 

The Image Series boards are 
scheduled for shipment in Decem- 
ber 1989, except for the IM-CLD, 
which will ship during the first 
quarter of 1990. Pricing for the Im- 
age Series is expected to be $9995 
for an IM-1280 with 1M byte of 
RAM, $3995 for the IM-RTP, $1495 
for the IM-ASD, and $1495 for the 
IM-CLD. —J D Mosley 

Matrox Electronic Systems Ltd, 
1055 St Regis Blvd, Dorval, Quebec, 
Canada H9P 2T4. Phone (514) 685- 
2630. FAX 514-685-2858. 
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VMETRO VBT-321 Ze 

Advanced VMEbus Tracer & 
Logic State and Real Time 
Performance Analyzer 


Don’t let VMEbugs eat up your project 
time and budget. VMETRO offers a 
third generation single board Advanced 
VMEbus Tracer that enables you to con- 
trol costs and meet your deadlines. By 
providing instantaneous debugging and 
performance analysis after mere sec- 
onds of installation, the VBT-321 will 
pay for itself time and again. Operated 
from a remote or on-site ASCII termi- 
nal, the VMETRO advanced VMEbus 
Tracer VBT-321 is the ultimate tool for 
VMEbus development, integration and 
system tuning. The Advanced VBT-321 
is flexible and easy to use with the fol- 
lowing new capabilities: 


NEW 

* Four Trigger/Qualifier/Performance Analysis events, 
each covering 94 VMEbus signals. 

¢ Four Sequence levels, or events can be And’ed/Or’ed. 

* Occurence Counter for delayed triggering/filtering. 

¢ Performance analysis and Bus Utilisation based on a 
100% capture ratio. 

+ Histograms for Bus Transfer Rate & Interrupt Level 
Activity. 

« Hardware handshake on RS232 for Modem Control 
enable long distance Service and Diagnostics over 
the phone. 

* Up to 30 complex setups may be stored in Battery 
Backup. 

+ Power supply from VMEbus backplane or via External 

Power Supply for debugging in Power On/Off 

sequence. 


* External Signal Input and Trigger Output on BNC con- 


nectors provides an interactive interfacing. 
+ Special clocking of Bus Levels, Read-Modify-Write 
and Block Transfers. 


VMETRO, INC. 
2500 Wilcrest, Suite 550, Houston, Texas 77042 


UMETRO 


tw 
Elil Ell 


Ell 


rt k: 
1 Il! 


Triggering: Logic state analysis with 
complex user-defined trigger sequences 
of up to four events give the user com- 
plete control over the data to be ana- 
lyzed. Filtering: Store Qualifiers on any 
combination of all signals and events 
enable buffering of useful information 
only. Performance Analysis: VMEbus 
Utilization, Bus Level Distribution 

and Event count histograms are based 
ona 100% capture ratio of the data 
stream and not just a snapshot common 
in less capable and more expensive 
instruments. 


¢ Filtering/ Triggering on combinations of Hex and 
Binary values of any Address and Data byte. 

* 25MHz Asynchronous Sampling for accurate time 
tagging. 

+ Piggyback provisions for future VSB/ VMEbus 
enhancements. 


GENERAL 

¢ 96 channels of data buffered in 2K Trace. 

¢ Time Tags for Relative Time between samples and 
Absolute Time from trigger. 

¢ Histograms for Address Range Distribution for soft- 
ware and system tuning. 

* 16MHz synchronous sampling captures all traffic in 
even the fastest VMEbus systems. 

+ Search or select any data presented in 2K Trace Buffer. 

* Two RS232 ports provides user-friendly and flexible 
interface to terminal/PC/ workstation and printer host. 


VMETRO A/S 
gnsveien 75, N-0855 Oslo 8, Norway 


So : 
TEL/(713) 266-6430, FAX/(713) 2666919 Call VMETRO today andsave your _ TEL/(47-2) 39 46 90, FAX/(47-2) 18 39 38 


projects from the VMEbugs. 
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EDN serves 


electronic engineers and 
engineering managers in more than 
100 countries worldwide. 
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Low-cost data-acquisition board for PCs 


offers 12-bit analog, digital, and timing I/O 


For just $695, you can buy a plug-in 
board for your IBM PC-compatible 
computer that digitizes data at 
rates reaching 60 kHz and offers 12- 
bit I/O resolution. Dubbed the Lab- 
PC, this board provides an inexpen- 
Sive way to turn your computer into 
a platform for laboratory test, 
measurement, and control applica- 
tions. 

The Lab-PC lets your host moni- 
tor real-world processes via its 
eight multiplexed, single-ended, 12- 
bit analog-input channels. In addi- 
tion to providing a 60-kHz max sus- 
tained sample rate, the board in- 
cludes an input range of 0 to 10V 
or +5V, and a programmable gain 
of 1, 2, 5, 10, 20, 50, or 100. A 16- 
word FIFO A/D buffer helps pre- 
vent bus latency. You can use this 
multichannel analog input for tem- 
perature measurement, signal 
analysis, data logging, chromatog- 
raphy, and de voltage measure- 
ment. 

The Lab-PC board also has two 
12-bit, double-buffered analog-out- 
put channels that you can use to 
control external systems and gener- 
ate stimulus waveforms for test and 
measurement applications. Three 
counter/timers with clock rates 
reaching 2.6 MHz measure time- 
critical signals to provide a means 
for synchronizing events, generat- 
ing pulses, and measuring fre- 
quency and time. 

Furthermore, Lab-PC’s 24 digital 
I/O lines provide a path for inter- 
machine communications, for 
switching external devices such as 
transistors and solid-state relays, 
for reading the status of external 
digital logic, and for generating in- 
terrupts. These I/O lines come con- 
figured as three 8-bit ports, soft- 
ware-configurable for input, out- 
put, or bidirectional transfers. Two- 
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For only $695, the Lab-PC plug-in data-acquisition card can provide your IBM PC or a 
compatible computer with 12-bit I/O resolution and digitize analog data at sample rates 


reaching 60 kHz. 


wire handshaking modes and inter- 
rupt generation provide additional 
control. 

To develop application programs 
for the Lab-PC, you can use either 
the $95 Lab-PC LabDriver library 
of software routines or the $495 
LabWindows Version 1.2 instru- 
mentation software package. 

LabDriver is an inexpensive col- 
lection of high-level software rou- 
tines that simplifies application pro- 
gramming and reduces develop- 
ment time. Included among these 
routines is support for analog, digi- 
tal, and counter I/O devices; for 
high-speed data acquisition; and for 
waveform generation. You can or- 
der Lab-PC LabDriver libraries for 
either Microsoft C or QuickBasic 
languages. 

You can also use the manufac- 
turer’s LabWindows Version 1.2 in- 
strumentation software to develop 
data-acquisition and data-analysis 
programs in Microsoft C or Quick- 
Basic. Version 1.2’s intuitive inter- 
face provides function panels for in- 
teractive configuration of the Lab- 
PC board. Each function panel 
automatically generates Microsoft 


C or QuickBasic source code, which 
you can then execute interactively 
or compile as a stand-alone applica- 
tion. Additional enhancements in- 
clude strip-chart generation, im- 
proved graphics-printer support, 
more powerful data-formatting ca- 
pabilities, and better data safe- 
guards in the interactive environ- 
ment. 

LabWindows includes libraries 
for formatting, analyzing, graphing, 
and storing data. IEEE-488 and 
RS-232C capabilities make it easy 
for you to integrate stand-alone in- 
struments in systems that already 
include data-acquisition boards. 
(The LabWindows Instrument 
Driver Library alone contains more 
than 60 ready-to-use modules for 
controlling IEREE-488 and RS-232C 
instruments.) For an _ additional 
$895, you can also order an optional 
Advanced Analysis Library. 

—J D Mosley 

National Instruments Corp, 
12109 Technology Blvd, Austin, TX 
78727. Phone (800) 433-3488; in 
TX, (512) 794-0100. FAX 512-250- 
9319. 

Circle No 733 


EDN October 26, 1989 


~ The &-bit CMOS 


Consumer/Control Processor with the most 


exciting feature set youve ever seen. 


The low-cost Z8 CCP family of microcontrollers 
takes full advantage of Zilog’s new Superintegration ™ 
Z8® core. The result is unprecedented functionality 
at a price that makes sense for high volume consumer 
and automotive products as well as intelligent 
embedded peripherals. 


Features ... , 
For starters, there’s a voltage detection circuit 
that automatically triggers an on-board power-on reset 


46-2211, Brazil—Digibyte (011) 581-1945. 


ght product. Right price. Right away. 


ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404) 923-8500, IL (312) 517-8080, NH (603) 888-8590, MN (612) 831-7611, 
NJ (201) 382-5700, OH (216) 447-1480, PA (215) 653-0230, TX (214) 987-9987, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200, W. GERMANY Munich (49) (89) 672045, 
JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979, KOREA (82) (2) 552- 
Electronics, Hall-Mark Electronics, JAN Devices, Inc., Schweber Electronics, Vargas Electronics, Western 


timer for no-fuss power up. And it continues to pro- 
vide brown-out protection . . . in case Vcc falls below 
the 2.5-5.5 volt operating range. Not only that, 
there’s an on-board watchdog timer that secures your 
application even further. 


... and more features. 

You also get a stop mode that typically consumes 
less than 2 microamps. What’s more, stop-mode 
wake-up and interrupts can be triggered from multi- 
input port transitions, making the Z8 CCP MCU ideal 
for key-pad applications. And that’s not all. The Z8 
CCP series gives you on-board analog comparators, two 
8-bit counter/timers, with 6-bit pre-scaler, and the 
right amount of 1/0. And you know you’re going 
to get very fast code development, because you’ve got 
full compatibility with the widely used 8-bit Z8 
instruction set. 


And plenty of important choices. 

Choose between low EMI wide voltage range 
or high-speed control devices. The Z8 CCP micro- 
controller is also available in your choice of RC, 
ceramic or crystal oscillator circuits. And in 18-, 28-- 
and 40/44-pin versions, in a variety of packages, with 
2K or 4K ROM Code sizes. All off the shelf and backed 
by Zilog’s proven quality and reliability. 

To find out more about the Z8 CCP MCU or any 
of Zilog’s rapidly growing family of Superintegration 
products, contact your local Zilog sales office or your 
authorized distributor today. Zilog, Inc., 210 Hacienda 
Ave., Campbell, CA 95008, (408) 370-8000. 
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Multiple 
Instructions 


per clock is not 
a barrier 


©1989 Intel Corporation 
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ItSa milestone 


Multiple instructions per clock is now 
a reality. Intel’s new i960 CA is the first 
32-bit embedded processor to execute 
multiple integer and control instruc- 
tions per clock. 

The i960 CA is the first processor 
to implement SuperScalar architecture 
on a single chip. It consistently breaks 
the multiple instructions per clock 
barrier because it looks ahead in the 
data stream and selects groups of 
instructions to safely begin executing 
at the same time. 

Thus the i960 CA allows you to 
reduce design costs by using less 
expensive memory and peripherals, 
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For 32-bit embedded control, 1960 architecture offers a broad 
and growing range of price-performance options. 


at the same time you enjoy its unpre- 
cedented performance. In its 33-MHz 
version, the i960 CA can sustain 66 
native MIPS. 
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But as pleased as we are with its 
performance, were also proud of 
the i960 CA as an Intel milestone. It’s 
part of the i960 family of products 
that will remain software-compatible 
for generations. 


The world’s most highly 
integrated 32-bit embedded processor: 


4 Instruction cache: 1-kb, two-way, set-associative 

© SRAM: 15 kb one-clock access (15 frames 16 x 32 bit registers) 
General purpose registers: 32 x 32 bit 

0 1/O channel processor: data chaining, 4-channel DMA’s 

o Interrupt processor: 248 possible vectors 

© Programmable bus controller: 8/16/32-bit environments 


Intel gives you the support com- 
ponents and tools you need to get 
up to speed, including memories and 
peripherals specifically designed to 
work with the i960. Plus, we offer 
compilers, software debuggers, perfor- 
mance simulators, and macro assem- 
blers to provide easy access to the full 
capabilities of the i960 CA. 

Finally, working with Intel means 
you ll have the world’s largest tech- 
nical support team helping you get to 
market fast. In short, everything © 
you need to set a few milestones of 
your own. 

To get detailed information about 
this exciting family of products, call 
Intel today: (800)548-4725, and ask for 
Literature Department #LA43. 


intel 
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PRODUCT UPDATE 


Upgrade lets workstations operate 
at 65 MIPS in 4-processor configuration 


The Series5 is a board upgrade to 
the first-generation SPARC-based 
Series4 family of workstations. The 
board uses the Cypress Semicon- 
ductor (San Jose, CA) 33-MHz 
SPARC CPU and the Weitek 
(Sunnyvale, CA) 3171 floating-point 
processor to achieve single-proces- 
sor performance of 22 MIPS and 
3.0M flops. The architecture of the 
Series5 can accommodate as many 
as four processors, which increase 
performance to 65 MIPS and 8.9M 
flops. 

A 128k-byte physical cache, con- 
trolled using GaAs PLDs, aids per- 
formance of the Seriesd. The physi- 
cal cache eliminates some design in- 
efficiencies and limits data conten- 
tion, where certain memory loca- 
tions are used more frequently 
when creating and using the ad- 
dress index; the cache also limits 
data flushing. In a multiple-proces- 
sor system, each processor works 
with identical data addresses. The 
alternative, a virtual cache, sets up 
arbitrary addresses in the virtual 
cache index that wouldn’t necessar- 
ily map to the same data in another 
processor’s cache index. The GaAs 
cache controller compensates for 
the performance penalty of using a 
physical cache by translating logical 
addresses to their physical counter- 
parts. 

In addition to the 128k-byte cache 
memory, ~you can configure the 
workstations with error-checking 


and -correction RAM in 16M- and 


32-byte increments and with as 
much as 2.6G bytes of SCSI disk 
storage on the workstations or 
13.3G bytes of SMD (Storage Mod- 
ule Drive) storage on the Seriesd/ 
800 SuperServer. 

A proprietary 64-bit bus on the 
board that operates at 128M bytes/ 
sec achieves high computational 


144 


eh fe. 
PEERERE CLES iz RRRRIUSS 


2 * &€ 2 & 
ie eS Sa 


ee ee eee eee ee ee 


at 


A purely physical cache, a 33-MHz Cypress SPARC chip, an Abacus floating-point unit 
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from Weitek, and some GaAs controllers help the Series5 CPU board attain more than 22 


MIPS. 


throughput. Five extra slots pro- 
vide room for expansion on the Se- 
ries5/530 and /800 servers and /500 
workstation; the Series5/670 server 
and /600 workstation have seven ex- 
pansion slots. The /670 and /800 
servers and the /600 workstation 
also have seven VMEbus slots. 

The workstations are all binary 
compatible with Sun Microsystem’s 
(Mountain View, CA) worksta- 
tions—to date, the vendor has veri- 
fied that more than 270 Sun applica- 
tions from 125 vendors, including 
Sun’s own diagnostics, run without 
recompilation. Software included 
with the Series5 includes the ven- 
dor’s Unix-based OS/MP, a SunOS 
derivitive; a C language compiler; 
and for the user interface, 
SunView, the X Window System, 
and the X Window Manager. 

The machines are protected with 
a 12-month service and support 
warranty. The vendor assumes re- 
sponsibility for slot management of 
your machines; for example, if you 
buy 32M bytes of memory on two 


16M-byte cards and you need a slot 
later, the vendor will reconfigure 
the system with a 32M-byte card. 
You don’t pay for memory-board 
swap—yjust the cost of the new ap- 
plication board. 

Typical server pricing ranges 
from $33,400 for a Series5/531 with 
one processor, 16M bytes of RAM, 
a 327M-byte disk, and 150M bytes 
of SCSI tape storage to $172,600 
for the /800 with four processors, 
64M bytes of RAM, 3.3G bytes of 
SMD storage, and 2G bytes of 
Exabyte storage. Similarly, work- 
stations can cost $28,900 for a 
diskless, uniprocessor, desktop Se- 
ries5/501 with 16M bytes of mem- 
ory. The /604 deskside workstation 
with four processors, 64M bytes of 
RAM, and 661M bytes of disk stor- 
age costs $122,400. 

—Michael C Markowitz 

Solbourne Computer Inc, 2190 
Miller Dr, Longmont, CO 80501. 
Phone (808) 772-3400. FAX 308- 
772-3646. 
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OrCAD Systems Corporation, the 
world’s largest marketer of PC- 
based CAE software, has completely 
upgraded it’s popular printed cir- 
cuit board layout software. 

Now you can have all the power 
features you need for your board 
designs on the PC you already own. 


Twice the capacity 

OrCAD/PCB II has over double the 
capacity using a flexible, user-defin- 
able memory allocation system. The 
product now supports over 270 14- 
pin IC equivalent designs, 6000+ 
pads, 16,000+ equivalent track seg- 
ments. 


Twice the options 

OrCAD/PCB II comes with over 50 
different printer drivers including 
most popular dot matrix and laser 
printers, over a dozen plotter driv- 
ers and over 50 display drivers. We 
conform to your system better than 
anyone. 


Twice the features 

e Improved autorouting strategies 
means a faster route with more 
completions. 

e Design Rule Check available as 
OrCAD/PCB II runs. Parameters 
are user configurable. 

e Via and Track Optimization. 
Minimize vias and improve rout- 


ing automatically. 
OR8944-Intl. 
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¢ On-Line module browsing and 
reading. Call up modules and 
browse through their graphic de- 
scriptions. 

¢ Gerber Viewer generates screen 


version of Gerber file to check out- 


put. 


Twice the value 
OrCAD’s commitment to you is that 


all of our powerful software will give 


you workstation performance with- 
out extra hardware, all handled 
within 640k RAM. 

And the price? The package comes 
complete with autorouter, printer 
and plotter support, excellent docu- 
mentation and more for a very rea- 
sonable price. 

The price also includes one year of 
technical support, free product up- 
dates and access to our 24 hour BBS. 


Curious? Try it yourself with our 
demo disk. 

Call for our demonstration disk and 
information packet. You'll see why 
more designers look to OrCAD for 
their design solutions. 


e @, sap dan cat, om , See, 2 : oe % te, ge 
Systems Corporation 


3175 NW Aloclek Drive 
Hillsboro, Oregon 97124 
(503) 690-9881 


Call today for your demo disk 
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a If you would like more oq 
information about this or any | 
other OrCAD product, 
contact your local OrCAD 


representative. 
AUSTRIA ITALY 
Dahms BRM Italiana 
Elektronik 


0316/64030-0 
Fax: 64030-29 


BELGIUM 

INEX 

(02) 649.99.91 
Fax:(02)649.27.92 


| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| DENMARK/ 

| NORWAY 

| NordCAD 
98 17 32.99 

| Fax: 98 17 37 41 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 


UK 

ARS Micro- 
systems 

(0276) 685005 
Fax:(0276) 61524 


FINLAND 
Elektrotel OY 
(358 0)754-3122 
Fax: 754-2593 


FRANCE 
ALS Design 
(331) 46 04.30.47 


FAX: 011/771.01.9 


ITALY 
MicroData 
Systems 
0187/966123 
Fax:0187 /988322 


| 
| 
| 
| 
| 
TEL: O11/771.00:10 | 
| 
| 


SPAIN 
Next-For S.A. 
504 02 01 

Fax: 504 00 69 


| 

| 

| 

| 

| 

| 

| 

SWEDEN | 
Technology 

Partners | 

(468)790 9775 ~—s| 

Fax: (468)16 77 86 | 

| 

| 

| 

| 

| 

| 


SWITZERLAND 
Logmatic AG 
056/83 38 38 

Fax: 056/83 38 40 


W. GERMANY 
Compware, 
GmbH 
4940/81 80 74 


PRODUCT UPDATE 


CAD tools synthesize filters 
and generate linear blocks and circuits 


Digital designers have had the abil- 
ity to synthesize digital logic for a 
few years. Now, with Autofilter 
and Autolinear, analog-IC and 
mixed-signal-IC designers can 
tweak parameters to synthesize 
high-performance analog circuits. 
Each product incorporates design, 
optimization, and analysis facilities 
and is tailored to a specific type of 
design. 

For analog switched-capacitor fil- 
ter design, Autofilter uses a graphi- 
cal-performance-capture capability 
along with its synthesis algorithms 
and layout techniques to combine 
process parameters and design ob- 
jectives into a practical IC or build- 
ing block. The software can have a 
library of pre-existing analog mod- 
ules, or it can synthesize the compo- 
nents as the software needs them. 
Using a response specification as 
your starting point, you can com- 
press the time required to design 
and layout a filter from one month 
to a day, according to the vendor. 

Within Autofilter, you can modify 
key variables, specify acceptable 
performance ranges, select tradeoff 
paths, or accept the software’s pa- 
rameter defaults. Filter synthesis 
lets you choose a symmetrical band- 
pass/bandstop or a nonsymmetrical 
bandpass filter. You can adjust cut- 
off frequencies, ripple, gain, rejec- 
tion, sample frequency, and filter 
approximation type (elliptic, But- 
terworth, Chebyshev, or inverse 
Chebyshev). The software synthe- 
sizes the z-transform and calculates 
the filter degree. You then can 
evaluate your design for filter mag- 
nitude, gain, phase, group delay, 
loss as a function of frequency, and 
the filter’s poles and zeros in the 
complex plane. Better, you can 
graphically interact with the poles 
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and zeros to add, move, or delete 
them to tailor the circuit’s response. 

Autofilter also synthesizes 
switched-capacitor filters based on 
cascaded biquad topologies. Fur- 
ther, the software provides a user- 
specified cost function between 
noise sensitivity and capacitor area 
to let you make important design 
decisions. For the balance of the de- 
sign process, Autofilter provides 
data output in standard formats, 
such as GDSII, Spice, and Switcap, 
as well as in the vendor’s GDT De- 
signer format. 

Autolinear, which works from a 
high-level specification, is a synthe- 
sis and module-generation tool for 
creating analog building blocks. In 
addition to addressing process, 
voltage, and temperature effects on 
the circuit, the software also under- 
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A_ unified shesie npibnisalioe. and silos tool for creating analog building blocks, 
Explorer Autolinear takes high-level input specifications and produces a process-specific 
layout. 


stands and considers transistor 
matching and noise coupling when 
it synthesizes the layout. An analy- 
sis mode lets you see how close the 
software came to meeting your 
specification and helps you decide 
how best to proceed with the de- 
sign. If the software can’t meet 
your performance goals using the 
physical topology you chose, it sug- 
gests ways to modify the design. 
Finally, you can optimize the circuit 
for such analog parameters as cur- 
rent consumption and area. 
Autolinear contains a host of ana- 
log building blocks, such as opera- 
tional transconductance amplifiers, 
op amps, comparators, voltage ref- 
erences, current references, resis- 
tors, capacitors, transistors, and 
crystal oscillators. The software 
speeds the synthesis and analysis 
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TEK’S $2995 LOGIC ANALYZER. 
NOW WITH SUPPORT FOR MORE 
THAN 20 MICROPROCESSORS. 


Only the Tek 1230 lets you effortless; the disassembly and use. Yet you can access 
start with an entry-level itself is more complete and features like four 2K deep 
logic analyzer—then, as informative than anything memories, sophisticated trig- 


time goes on, add channels _ else inits class. You can have gering and built-in babysit- : 
and draw from a compre- a complete 8-bit micro- ting mode that are 
hensive list of 8- and 16-bit — processor debug package, unprecedented in 
micro support. including logic analyzer, this price range. 


The most recent addi-. for under $4000, and a all 1-800- 
tions tothe 1230's _~—- 16-bit package for 426-2200 for 
long list of under $6000. rapid ordering, to 
Supported Start with 16 chan- get your technical 
micros nels. Expand in 16- questions 

y include Channelincrements (20 @ ge) .@@ answered, or — 

- @ 'Intels _ toamaximum of 64. Pag @ gee )«=Cltorequest 

80286 and 8096 On-screen help notes, HiMegaea— ie §=oproduct 
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Pop-Up Menus and ope aa. information. 
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and68HC11. = make the 1230 excep- } 
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5] E. Campbell Ave. 


UPDATE 


of your circuit and circuit elements, 
yet it gives you enough control to 
manually optimize the design. 
Autolinear yields output in the 
Graphics Design System II (GDSIT) 
or Cal-Tech Intermediate Form 
(CIF) layout database, in a Spice 
net list, or in the company’s L(r) 
layout database. 

Both software packages fit into 
the vendor’s Foundation design 
framework. The tools are part of 
the modular Explorer series of IC 
design software, which you can pur- 
chase in stand-alone or mix-and- 
match configurations. Autofilter 
and AutoLinear start at $40,000 on 
either the Sun-3 or Apollo DN4500 
workstations. 

—Michael C Markowitz 

Silicon Compiler Systems, 2045 


Nohau’s EMUL51-PC = Source Level Debug- Hamilton Ave, San Jose, CA. 
emulator and traceboard ging for PL/M-5l and C-51 Phone (408) 371-2900. 
make a sophisticated bug- 48 bits wide 16K deep Circle No 7 32 
hunting pair for your trace buffer eae herts 
8031/8051 projects. Plug w 20 MHz real-time ‘paish Bt Hears S pegs et 
the EMUL51-PC into your emulation ni Denmark. sss seer (02) 658 
PC, XT, AT or compa- = Supports 80535, Rane, oo aie a 
tibleandfindbugsthat  80C451, 80C152, 800452, Sew Bian. 000. tn WHAT’S NEXT 
other emulators can’t. 80C552/652, 80C51FA, AOE a ELIE Ca | (011) 7710010 H A E D Ni 
Our powerful software  DS5000and more. clean aaa et > 
makes it a snap to use. w Available in either a oe aaa emer Se 
“Plug-in” or “Box” Singapore «2... ..s-..+ +++ 065 743-2086 EDN Magazine’s November 
a° configurations sree earns 9, 1989, issue will provide 
Fe cay eee. advanced information on 
USER. CSS (408) 378-7869 


Wescon/89—what you can 
expect at the technical ses- 
sions and what new products 
will be displayed at the show. 


The EMULS51-PC comes with a 5-ft. cable, software Bey year hard- Campbell CA 95008 


ware warranty with free software updates. Trace board optional. 


(408) 866-1820 Our Special Report — will 
cover low-cost  worksta- 
tions—those machines that 
range in price from $4000 to 
$20,000. Other scheduled ar- 
ticles include 

@ An update on surface- 


DID YOU KNOW? oa 
; @ Part 2 of American engi- 
neers in Japan 
@ Coverage of object-ori- 
ented programming 
.and much more. And in 
our next issue, look for EDN’s 


16th annual microprocessor 
directory. 


See us at WESCON ’89 Booth #902 
CIRCLE NO 24 


Half of all EDN’s 


articles are staff-written. 


EIDIN 


EDN October 26, 1989 


* 
e 
x oath 
Ns 
5 St 
mR : 
: Sy 
x % K 
as 
2 


152 


EDN 
SPECIAL 
REPORT 


Graphics 
environments 


A standard graphics environment for open systems 
would enable software vendors to develop applica- 
tion code that is portable across heterogeneous sys- 
tems, such as those made up of computers with 
different wP families, bus structures, or operating 
systems. Many believe that evolving standards will 
meet portability goals and provide a common look 


and feel across applications. 


Maury Wright, Regional Editor 


Neither software vendors, data-process- 
ing managers, nor end users can or want 
to live with different versions of soft- 
ware for every different system. The 
logistic and technical challenges posed 
to the software vendor drive up the 
price of software and ensure that prod- 
ucts will only be available on selected 
popular systems. And end users demand 
better software at lower prices. A single 
standard graphics environment could 
solve the problem. A standard might en- 
able software vendors to offer highly 
functional low-cost software, such as 
that available for the multitude of X86- 
based systems, for heterogeneous sys- 
tems. Such a set of systems could in- 
clude IBM PCs, Sun workstations, and 
DEC minicomputers. And custom soft- 
ware developers could write equally 
portable code. 

Consider Autodesk, the manufacturer 
of the best-selling CAD _ software 
AutoCAD. The company offers its soft- 
ware in nine versions: Ultrix and VMS 
versions for DEC systems; a SunView 
version for Sun workstations; an Apollo 
version; an Apple Macintosh version; 


and MS-DOS, extended MS-DOS, OS/2 
PM, and Xenix versions for X86-based 
systems. The logistics of supporting so 
many different versions of the same soft- 
ware equal the technical challenges of 
porting AutoCAD to new hardware- 
software combinations. Simple incre- 
mental releases for bug fixes or added 
functions propagate across the entire 
product line. Furthermore, within a sin- 
gle product such as the MS-DOS ver- 
sion, Autodesk must provide operating 
system drivers for all the popular stan- 
dard graphics boards (CGA, EGA, 
VGA, Hercules, and selected high-per- 
formance nonstandard boards) and plot- 
ters and printers. 

Graphics standards are the key to any 
hope of application software portability 
in a heterogeneous world of computing 
or even device independence among ho- 
mogeneous systems, such as Macintosh 
computer systems. In general, computer 
manufacturers, software vendors, and 
users now endorse the idea of standard 
open systems including graphics envi- 
ronments and associated GUIs (graphi- 
cal user interfaces) that make using the 


EDN October 26, 1989 


environments and application programs 
simple. Microsoft Windows for MS-DOS 
and Presentation Manager for OS/2 have 
emerged as standards for the wide vari- 
ety of systems based on Intel X86 wPs. 
A universal graphics-environment stan- 
dard should embrace all systems, but 
especially Unix. Although the heteroge- 
neous software and system industry en- 
dorses standard open systems as a con- 
cept, the same industry can’t yet agree 
on a single standard graphics environ- 
ment and underlying operating system. 

Choosing a graphics environment as 
an end user or as a system designer or 
integrator is a risky business. Cur- 
rently, no single standard graphics envi- 
ronment exists, and, therefore, not all 
application software may run in the en- 
vironment you choose. Independent 
software vendors would like to support 
a single graphics environment with 
graphics-based application software. 
Furthermore, the vendors would like 
the graphics environment and applica- 
tion to be hardware independent. Of po- 
tentially greater importance, the inter- 
nal data-processing departments in com- 
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You can choose from a number of popular application packages for Presen- 
tation Manager, and the graphics environment provides communication 
links to let applications work together simultaneously. (Photo courtesy 
Microsoft Corp) 


Windows for MS-DOS and Presentation Manager 
for OS /2 have emerged as de facto standards 
that result in device independence for 
X86-based systems. 


panies need to support custom software on a wide vari- 
ety of hardware and operating systems. And increas- 


ingly, companies don’t exclusively buy from a single 


closed-system vendor such as Digital Equipment Corp 
‘(DEC) or IBM. 

A number of different partitions, or modules, com- 
prise a graphics environment. A GUL is only a specifica- 
tion of how application programs look and feel, or ap- 
pear and behave, to the user. Graphics environments 
typically have libraries or tool kits that let application 
programmers implement the GUI look and feel by us- 
ing traditional development tools, such as compilers. 
An operating system and the underlying hardware 
form the basis of a graphics environment. Other fea- 


tures of a graphics environment, such as desktop man- | 


agers, file managers, and window managers, are typi- 
cally application programs that are closely coupled with 
the GUI and operating system. 

Computer users like, want, and even need GUIs— 
the Apple Macintosh is proof. The look and feel com- 
mon to applications based on a GUI let users learn and 
use new application software quickly. Furthermore, 
typical window-based GUIs and their underlying 
graphics environments provide a logical and under- 
standable multitasking metaphor that mimics a desktop 
work environment. : 

Only a handful of graphics environments exist for 
open systems, although virtually every manufacturer 
of closed systems has some proprietary form of a graph- 
ics environment. DESQview from Quarterdeck, GEM 
(Graphic Environmental Manager) from Digital Re- 
search, and Windows from Microsoft all run in conjunc- 


i—Lotus-1-2-3-Rel-2-43-Lines 
F3 e 8 


TS) Range Copy Move File Pr 
lete, Col 


Standard MS-DOS programs as well as Windows and GEM applications can 
run under the control of Quarterdeck’s DESQview in a multitasking environ- 
ment. 
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The object-oriented user interface and persistent-link capability in Hewlett- 
Packard’s NewWave demonstrate the future of graphics environments. 


tion with MS-DOS on systems based on Intel X86 wPs. 
The DESQview program is actually character based 
but can manage graphics-based applications. The OS/2 
PM (Presentation Manager) combination from Micro- 
soft also runs on X86-based systems. 

For heterogeneous systems, you can choose between 
Motif from the Open Software Foundation (OSF) or 
Open Look, which is endorsed by the Unix Interna- 
tional consortium and sold by AT&T. The NextStep 
graphics environment from Next Inc (Palo Alto, CA) 
has also been licensed to IBM, and Next may choose 
to offer licenses to other system manufacturers. Micro- 
soft may also offer a version of Presentation Manager 
for Unix systems. 


Graphics environments don’t match a model 


Comparing graphics environments is quite confusing. 
No equivalent to the networking 7-layer Open System 
Interconnection model exists for graphics environ- 
ments, and comparing two graphics environments is 
not necessarily the apples-and-apples comparison some 
people make it out to be. Not all graphics environments 
have a defined imaging model—a library of software 
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routines that implement basic graphics functions—and 
windowing functions can be implemented in different 
ways in different environments. Some graphics envi- 
ronments are integrated inseparably with operating 
systems; others you simply add to an existing operating 
system. All graphics environments do have some form 
of an application program interface (API) that applica- 
tion programs make calls to. A call directly from an 
application program to an operating system, for exam- 
ple, to get a character from the keyboard, is the sim- 
plest example of an API. The tool kits and libraries 
mentioned earlier implement higher-level. graphics 
APIs. 

The API calls act as middlemen and provide the 
means by which you can develop system-, CPU-, and 
device-independent source-level application software. 
Fig 1 shows a block diagram of the MS-DOS/Windows 
environment and provides a visual aid to understanding 
a typical graphics environment. You can see that the 
MS-DOS/Windows environment supports API calls at 
two different levels. MS-DOS includes a basic set of 
API calls, commonly referred to as the BIOS, for char- 
acter- or text-based application programs. Most exist- 
ing MS-DOS application programs employ a combina- 
tion of calls to the BIOS and code that interacts directly 
with specific hardware. 

Windows applications can only use the set of API 
calls implemented in the graphics device interface 
(GDI). Some GDI calls, such as reading a block of data 
from a disk, map directly to MS-DOS BIOS calls. Other 
API calls implement the graphics functions supported 
by Windows. Because Windows applications use only 
API calls, the applications no longer communicate di- 
rectly with hardware and in particular with graphics 
hardware. Therefore, Windows applications are device 
independent. A graphics-board manufacturer simply 
provides a Windows-compatible software driver along 
with a graphics board. Windows users can therefore 
choose graphics displays and plotters and printers that 
best meet their needs rather than choosing devices 
supported by a specific software package. 

Windows provides users of X86-based MS-DOS com- 
puters with a full-function graphics environment and 
a list of available application software that seems to 
grow daily (see box, “Windows for engineers now, PM 
later”). Windows took a long time to catch on because 
Microsoft shipped the product late and early versions 
had many bugs. Most software developers claim that 
the product has now been stable and well behaved for 
18 months or more. You can expect a number of major 
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vendors such as Wordperfect (Orem, UT) and Ashton- 
Tate (Torrance, CA) to announce Windows products 
late this year. Windows costs $99 for the 80286 version 
and $195 for the 80386 version. You can also expect a 
new release of Windows in the next six months that 
improves memory-management and multitasking fea- 
tures and offers an improved 3-D appearance. 
DESQview and GEM also serve certain niches in 
the MS-DOS market. Quarterdeck’s DESQview runs 
virtually all MS-DOS software in a windowed multi- 
tasking environment. According to Quarterdeck presi- 
dent and cofounder Therese Myers, the company real- 
ized from the start that no software vendor would 
develop specialized code for a graphics environment 
offered by a start-up company. Quarterdeck developed 
a way to intercept BIOS calls and calls made directly 
to hardware; therefore, DESQview can run MS-DOS 
software unmodified. In fact, DESQview will run on 
the entire range of MS-DOS machines ranging from 
8088-based systems to the newly announced 80486- 
based systems. You can even run Windows and a Win- 
dows application in a DESQview window. 
Quarterdeck has also started promoting a set of 
DESQview API calls and encouraging DESQview-spe- 
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Fig 1—API calls to the graphics device interface let Windows applica- 
tions function independent of the specific graphics hardware present in a 
system. 
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Graphics environments offer users the first tre- 
mendous increase in functions and, therefore, 
work efficiency since 64k bytes of memory were 
dedicated to CP/M users. 


cific application developments. Most of the developer 
interest is for custom applications rather than commer- 
cial packages. For example, Quarterdeck offers an API 
library for DBase III software development. 
DESQview, however, will remain a viable operating 
environment for some time to come because of the 
reluctance of many users to buy new hardware or soft- 
ware. The standard version of DESQview sells for 
$130; a 80386-specific version costs $190. 

Digital Research developed GEM for the develop- 
ment and support of its own suite of graphics applica- 
tion programs, such as GEM Draw and GEM Desktop 
Publisher. The company also chose to offer GEM as a 
graphics environment to other graphics software devel- 
opers. A number of well-known applications such as 
Ventura Publisher are based on GEM. A stand-alone 
version of GEM costs $50. 

Digital Research recently began promoting GEM as 
a tool that can act as a bridge between different hetero- 
geneous operating environments. GEM does not in- 
clude the complexities that Windows does to handle 
features such as multitasking; GEM simply serves as 
a graphics tool kit on which developers can base appli- 
cations. Digital Research has ported the GEM graphics 
environment to other systems, such as Atari personal 
computers and its own FlexOS real-time operating sys- 
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Fig 2—The graphics programming interface in Presentation Manager 
implements a robust set of graphics primitives that makes developing graphics 
applications easier than similar developments for Windows. 
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tem, and has started calling it X/GEM (Extended 
GEM). The company also plans to offer an OS/2 PM 
version of X/GEM. 

X/GEM project manager Bill Fitler explains that the 
simplicity of GEM will enable software developers to 
create graphics applications that can work with any 
X/GEM system. And X/GEM applications can run on 
low-end machines, unlike applications based on other 
graphics environments for heterogeneous systems. The 
port of X/GEM to FlexOS targets a different class of 
users—designers of real-time embedded-control sys- 
tems. In fact, both DESQview and X/GEM include 
features that address the real-time market. 

These graphics environments for MS-DOS were 
really afterthoughts. Microsoft designed OS/2 and 
Presentation Manager (PM) together as a closely cou- 
pled graphics environment. OS/2 PM provides a perfect 
example of a full-featured graphics environment; Fig 
2 shows its organization. OS/2 PM includes the Graphic 
Programming Interface (GPI), which provides a set 
of graphics primitive functions far exceeding the capa- 
bility of Windows’ GDI. The window manager imple- 
ments the intuitive look and feel of OS/2 PM. And the 
environment includes a full set of utility application 
programs. Microsoft also plans to implement a printer 
control language for OS/2 PM that will let users match 
screen and printer fonts exactly. 

Presentation Manager promises to bring a new level 
of productivity to users of X86-based systems. You'll 
hear pro and con arguments about the future of OS/2 
PM centered around technical, cost, marketing, and 
application-software issues. Careful consideration, 
however, shows that OS/2 PM will be an unqualified 
success. 

First, OS/2 PM eliminates the 1M-byte memory map 
that stifles performance in any system based on the 
80286 or more powerful Ps. The graphics environ- 
ment implements true multitasking and includes a facil- 
ity called DDE (Dynamic Data Exchange), which han- 
dles interprocess communications. Today, Microsoft 
and Autodesk have a demo of Excel and AutoCAD 
working together using DDE under OS/2 PM. Changes 
in the Excel spreadsheet cause AutoCAD to redraw 
an image to a new specification calculated by Excel. 
Furthermore, you can expect a full complement of 
other application software for the environment to be 
available around the first of the year. 

Critics claim OS/2 PM is late. True. Microsoft under- 
took a tremendous development effort to do OS/2 PM 
right. And application software developers had to wait 
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for the environment to stabilize before committing re- 
sources to a development effort. According to develop- 
ers, the result is worth the wait. 

Autodesk product manager John Forbes claims OS/2 
PM technically equals or betters any operating system 
and graphics environment on the market. Forbes 
points out that Unix supports multitasking but that 
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OS/2 PM supports multithreading within each task. 
Forbes also points out that OS/2 PM has a file system 
superior to that of Unix and a better defined interpro- 
cess communication capability. And remember, Auto- 
desk offers its products for several Unix-based sys- 
tems. 

Glenn Goodrich, development manager at Aldus (Se- 


A graphics environment typically includes a gra- 
phical user interface, a graphics library or tool 
kit, and the underlying operating system and 

hardware. 


attle, WA), is also impressed with the capabilities of 
OS/2 PM. Aldus plans to ship Pagemaker for OS/2 
PM by the time this article appears. Goodrich is espe- 
cially interested in the DDE capabilities of OS/2 PM. 
He points out that Pagemaker is an integrating type 
of software package and constantly depends on commu- 
nication links with other software products. 

OS/2 PM achieves efficiencies compared to Unix be- 
cause OS/2 PM is an environment for a homogeneous 
class of systems. For example, OS/2 PM only supports 
its own native network capability. Furthermore, the 
environment is tuned for a particular hardware archi- 
tecture. The graphics API matches exactly the needs 
of PM rather than implementing a general set of graph- 
ics functions. Version 1.1 is usable and stable; version 
1.2, which is due late this year, features a better desk- 
top manager, 3-D appearance, and better performance. 

Despite its technical merits, people may still have 
reservations about OS/2 PM. It won’t run on 8088- 
based machines, and users will not simply throw out 
those old machines. In fact, many users don’t need 
OS/2 PM and will remain perfectly happy with MS- 
DOS-based applications. You can, however, be misled 
by the prices bantered about in the trade press for 
OS/2-PM-based hardware and application software. 
The graphics environment itself retails for $350 com- 
pared with about $150 to $250 for MS-DOS plus Win- 
dows. Application-software vendors, however, don’t 
plan to charge large premiums for OS/2-PM software. 
Autodesk charges $3000 for any version of AutoCAD. 
Aldus plans to charge about $100 more for OS/2 PM 
Pagemaker than it does for MS-DOS/Windows Page- 


Generating dialog boxes and menus for Presentation Manager is trivial 
when you use the Case tools offered by Caseworks. The company also offers 
a similar set of tools for Windows. 
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People who look good on paper and in inter- 
views don't always perform well in the work for 
which they wish to be hired. Ed Rivers, a former 
elementary and high school principal, maintains 
that observing candidates conduct a demonstration 
lesson should be the single most irnportant means 
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The table-generation facility in Samna’s Ami word processor for Windows 
can size tables dynamically and continue them from one page to the next. 


maker. This increase, however, reflects new features, 
not a surcharge based on the operating environment. 

Consider hardware costs also. Some OS/2-PM critics 
claim that a suitable complement of hardware for the 
environment is overly expensive. Actually, the type 
of user that is a likely candidate for OS/2 PM needs 
an equally expensive machine to attempt to accomplish 
a similar class of tasks with MS-DOS and Windows or 
DESQview. The key hardware requirements for OS/2 
PM include a minimum of 3M to 4M bytes of memory 
and a moderately fast disk drive—the type typically 
shipped with 80286- and 80386-based systems. 

Don’t immediately assume that you need a 33-MHz 
80386 to run OS/2 PM. A number of other factors, 
such as memory configuration and the graphics control- 
ler, can matter more to performance than the CPU 
type or speed. In fact, OS/2 PM and MS-DOS/Windows 
share the problem of added overhead due to application 
code that communicates with hardware via an interme- 
diate graphics standard rather than directly. All soft- 
ware and systems based on graphics standards share 
this problem. Luckily, the fast CPUs and coprocessors 
currently available make the effect of the overhead 
negligible. 

An intelligent graphics controller, such as the NEC 
(Wood Dale, IL) Multisyne Graphics Engine based on 
the 34010 graphics coprocessor, makes even slow 
80286-based systems run OS/2-PM applications with 
more than acceptable speed. Graphic Software Systems 
(Beaverton, OR) designed the board and offers it on 
an OEM basis; NEC sells the product through retail 
channels. The board retails for $1495 to $1995 based 
on configuration, but you can expect the price of copro- 
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cessor-based boards to steadily drop in the next year. 

You might argue that, logistically, a graphics envi- 
ronment based on Unix might better serve users of 
X86-based computers than will OS/2 PM. All aspects 
of the computer industry will benefit from a standard 
open graphics environment for heterogeneous systems. 
Unfortunately, a single accepted Unix-based standard 
is at least a year away and probably more. Until such 
standardization occurs, most independent software 
vendors will maintain a wait-and-see attitude. 

Users needed OS/2 PM capabilities last year and 
will at least realize them this year. Furthermore, be- 
cause of its size, the X86-based market can support 
and in fact thrive with its own standard graphics envi- 
ronment. The potentially large sales entice application 
developers to port existing software to OS/2 PM and 
create new applications that take advantage of the 
features of OS/2. Basing software on MS-DOS/Win- 
dows and OS/2 PM for X86-based systems will also 
enable software and hardware vendors to offer stan- 
dard bridge products to Unix-based systems. 


Standard environment to be Unix based 


A Unix-based graphics-environment standard will 
play a key role for X86-based systems in the future, 
however, and an even bigger role for the heterogene- 
ous computing industry. Virtually every computer and 
software vendor in the free world is involved in one 
or more efforts to develop standard open systems. 

Standardization efforts primarily revolve around 
three industry trade associations and, in general, 
around the Unix operating system. The first trade 
group, X/Open, was formed in 1984 as a nonprofit con- 
sortium of computer systems vendors. X/Open’s goal 
was to define a common applications environment that 
would include a set of integrated industry standards 
for the development and use of applications across all 
compliant systems. 

X/Open publishes the “X/Open Portability Guide,” 
which contains a portfolio of API standards that ensure 
the portability of code at the source-code level. You 
can purchase the guide for $1380 from Prentice-Hall 
(Englewood, NJ). The X/Open guidelines, however, 
don’t specify implementation details or define a specific 
graphics tool kit or GUI. 

Unix International and the Open Software Founda- 
tion (OSF), both active members of X/Open, have taken 
the standardization effort a few steps further. The ef- 
forts of both organizations have targeted the definition 
and development of a standard graphics environment 
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including a standard version of Unix, the X Windows 
basic graphics standard, a standard graphics tool kit, 
and a standard GUI. 

The two organizations originated from a single indus- 
try group called the Hamilton Group, which was 
formed to discuss and negotiate future Unix features 
with AT&T. About two years ago, however, Sun and 
AT&T agreed to merge Berkeley and System V Unix 
and create a single Unix standard. Some members of 
the Hamilton Group and some members of the com- 
puter industry at large feared that the Sun-AT&T alli- 
ance would give the two companies a competitive ad- 
vantage relative to new versions of the Unix operating 
system. 


OSF to support itself as software vendor 


A group of vendors led by IBM, DEC, and Hewlett- 
Packard split from the Hamilton Group in May 1988, 
and formed the Open Software Foundation—a not-for- 
profit corporation that acts as a neutral supplier of 
open-software technologies. The OSF is staffed and 
funded by sponsoring members, but within a few years 
it will be self-sufficient. The OSF chose to use IBM’s 
AIX version of Unix as a base. This operating system 
is called OSF/1 and will feature a streamlined, modular, 
re-engineered kernel. 

The OSF operates via a process that it calls RFT 
(Request For Technology). For example, the OSF' is- 
sued an RFT for a GUI for OSF/1 in July 1988. A total 
of 39 companies submitted ideas based on the RFT. 
The OSF chose the best of the ideas and used them 


Open Look applications available for Sun workstations include the standard 
desktop manager and SunPaint, SunDraw, and SunWrite. 
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Application program interfaces (APIs) provide 
the means by which graphics environments offer 
hardware independence. 


to define the GUI called Motif. Motif is primarily based 
on OS/2 PM behavior, has a 3-D appearance developed 
by Hewlett-Packard, and employs a DEC tool kit of 
widgets, such as dialog boxes, scroll bars, and buttons. 


Trade group acts as go-between 


The companies remaining in the Hamilton Group, 
led by Sun and AT&T, formed Unix International. 
Unix International operates as an industry trade asso- 
ciation and has close ties to AT&T’s Unix Software 
Operation (USO). Unix International doesn’t develop 
or sell software but rather helps AT&T’s USO plan 
the development road map for future Unix versions 
based on input from its members. Unix International 
members also get early glimpses of source code and a 
voice in distribution and licensing issues. Membership 
fees can range from $10,000 to $500,000 per year based 
on the size of your company and the class of member- 
ship you buy. 

Unix International settled on a GUI called Open 
Look that was developed by Sun for AT&T. The stan- 
dard Open Look graphics environment will be based 
on the upcoming release 4 of Unix System V by 
AT&T’s USO. Thus far, the products defined by the 
OSF and the products developed by AT&T’s USO in 
conjunction with Unix International all comply with 
the X/Open guidelines. Open Look and Motif have com- 
parable features but are far from compatible. 

Both share a common building block, however—X 
Windows, a software standard that implements graph- 
ics primitives, such as drawing a circle. The Open Look 
products offered by AT&T’s USO and the OSF’s Motif 
products all use X Windows as the basic graphics stan- 
dard. Code for X Windows is very complex and often 
inefficient, but X Windows has emerged as a graphics 
standard and has been ported to a variety of comput- 
ers. X Windows also includes a network client/server 
model that lets graphics applications run one place on 
a network and be displayed elsewhere. 


X Windows keys standard 


Engineers at the Massachusetts Institute of Technol- 
ogy developed X Windows, and you can buy the latest 
version, X11, for $400 from the MIT Software Center. 
Most system vendors now offer X Windows as a system 
tool. Other independent companies, such as Integrated 
Computer Solutions, offer X Windows support, train- 
ing, and versions of X Windows for some systems. 
Integrated Computer Solutions also serves as the cor- 
porate sponsor for the X Windows User Group. 
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The first communication package for Windows, DynaComm from Future- 


soft, supports both asynchronous and synchronous modes of operation. 


You can buy Motif or Open Look for a number of 
computer systems, although application programs for 
them are scarce. AT&T’s USO is shipping an 80386 
version of Open Look for System V release 3.2 in bi- 
nary form for $495 and a corresponding X Tool Kit for 
$695. Together, the products sell for $995. Source code 
for each of the products costs $17,000. Late this year, 
the company plans to ship release 4.0 with Open Look 
as an extension. The Open Look package includes win- 
dow, file, and desktop managers. | 

Sun ships Open Look for its line of workstation prod- 
ucts. The GUI costs $295 as an add-on to its operating 
system. Sun calls its graphics environment OpenWin- 
dows. It includes an X Tool kit called XView and a 
graphics library package that combines X11 with Sun’s 
postscript-like News graphics library. Sun also offers 
three Open Look-based applications including Sun- 
Write ($695), SunDraw ($495), and SunPaint ($495). 


Motif ships and gains support 


At this point, Motif seems to have more supporters 
than does Open Look. The OSF recently began ship- 
ping Motif. Motif includes four key components: 
@ a User Interface Toolkit, which includes more than 
30 widgets 

@ a Presentation Description Language, which lets 
a developer use text files to describe the proper- 
ties of interface components 

@ a Window Manager, which enforces appearance 

and behavior 

@® a Style Guide, which is a written document that 

specifies the flexibility and constraints of behavior. 
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or library for your instrument. Code is auto- 
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Now, make your wishes come true 
by calling 800-234-4232 for your 
FREE demo disk. 


Fingertips 


With the CEC genie your wishes 
come true. Youcancontrol any IEEE-488 
(HP-IB, GP-IB) instrument, printer, or 
plotter from your PC. 

CEC’s plug-in cards come 
with a software library of ex- 
ample programs and utilities 
that let you spend more time 
solving problems than program- 
ming. CEC provides software support 
for BASIC, Pascal, C, and FORTRAN. 


CEC 


Capital Equipment Corp. 
99 South Bedford Street 
Burlington, MA 01803 
Tel: 617-273-1818 Fax: 617-273-9057 
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Motif seems to be gaining momentum as more 
software vendors ship versions of the GUI and 
more system vendors adopt it. 


All components of Motif are based on X11. OSF sells 
a source-code license for $1000 per unit; binary licenses 
range from $10 to $40, depending on volume. 

The Santa Cruz Operation (SCO) offers an operating 
system package bundled with Motif for 80386-based 
systems. The Open Desktop package costs $995 and 
includes Motif, SCO’s Xsight X Windows package, a 
database-management package, TCP/IP (Transmission 
Control Protocol/Internet Protocol) and NFS (Network 
File System) network support, the Unix operating sys- 
tem, and an MS-DOS compatibility utility. 

Integrated Computer Solutions offers Motif for Sun, 
DEC, Sony, and Apple systems. For your first CPU, 
the company charges only $500 for the package. This 
price includes the full Motif package, and the company 
offers support training, updates, and consulting. 

Of potentially greater importance than Motif’s avail- 
ability as a stand-alone software product is the fact 
that system vendors plan to start bundling Motif with 
their operating systems. IBM announced that it will 
use Motif in some products. And Hewlett-Packard is 
committed to Motif, as is DEC. CAD workstation ven- 


dor Intergraph has announced plans to begin shipping 
Motif with its systems, and Mentor, the leading vendor 
of CAE tools, also plans to implement Motif across its 
product line. 

Visix Software (Arlington, VA), a vendor of shells 
for Unix, has a new Motif-based desktop-manager ap- 
plication program called Looking Glass. The company 
has OEM deals to bundle the product with an X Win- 
dows software package from Interactive Systems 
(Santa Monica, CA) and with Intergraph’s Motif-based 
systems. Visix will also offer Looking Glass later this 
year in versions for Sun, Hewlett-Packard, IBM, and 
DEC systems. The company had planned an Open Look 
version of the product as well, but, according to vice 
president of marketing George Hoyem, no customers 
have requested such a product. 

The structure of both Open Look and Motif make 
the products very flexible. For example, Motif-based 
software runs fine on a non-Unix system, provided 
that the system has a compatible tool kit. Therefore, 
you can expect these graphics environments to make 
their way into closed system architectures. 


- pS c 939 
(408) 649-3896 — 
FAX 408-649-0750 
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Predictable Performance. 
Proven Reliability. 


Predictability is foresight... with it you have control...without it events control you. 
Just as integrated circuits put predictability into the design, performance, and field 
reliability of electronic systems, Vicor’s high density, high frequency, component-level 
power converters can put predictability into your power system...as they have in an 
installed base of half-a-million units. 


Every member of our economical VI-200 family features small size, high power density, 
high efficiency, instant power expansion, UL/CSA/TUV recognition, and standard 
packaging, making them the space-saving choice for any power architecture...and 
they all share Vicor’s unique high-frequency topology which is inherently more reliable 
than conventional switchmode topologies. 


Robotic automation guarantees quality and ‘‘peas-in-a-pod’’ repeatability. With 
VI-200’s you'll know that your power system will work...every time! 


Let Vicor show you how power components can put predictability into your power 
system...in the design cycle...the agency approval cycle...and in the field. 


1-800-735-6200 


VI-200 Series DC-DC n 
Converters and Power Boosters 


w /nputs: 
10 to 400 VDC 


w@ Outputs: 
2 to 95 VDC 


m 50, 75, 100, 
150, 200 Watts 


m@ Booster Expansion 
to Kilowatts 


m 80-90% Efficiency 
MTBF > 700,000 Hours 
me 4.6"L x2.4"Wx 0.5"H 
Up to 36 Watts/cubic inch 


w As low as $.50 per Watt 
~in OEM Quantities 


Component Solutions For Your Power System | ||/ |" \ "4 (@)@3) = 
23 Frontage Road, Andover, MA 01810 oe 
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X Windows stands out as a common base library 
for graphics environments and is championed by 
Unix International and OSF. 


These graphics environments also make possible a 
true architecture neutral distribution format 
(ANDF)—one shrink-wrapped package for all systems 
that support X Windows. The OSF has issued an RFT 
for ideas on how to implement an ANDF. Potentially, 
a technology such as a binary or intermediate language 
compilation could enable independent software vendors 
to achieve this ANDF goal. 

Already you can view technology that will be present 
in the next generation of graphics environments and 
GUIs. Hewlett-Packard’s NewWave graphics environ- 
ment offers an object-based GUI. The company has 
shipped a version for Microsoft Windows that costs 
$195 and plans both OS/2-PM and Motif versions. 
NewWave hides the native file system and presents 
an office metaphor based on objects, such as file folders 
or cabinets, or complex documents, such as spread- 
sheet, text-processing, or graphics application soft- 
ware. 


Persistent links ensure updated data 


NewWave maintains persistent links between ob- 
jects used more than once in the system. For example, 
consider a complex document that includes text and 
graphics. NewWave lets you update the graphics 
within the complex document. The graphics portion 
of the document may also be used elsewhere in your 
system, for example, in another report. The persistent 
link makes sure that graphics components are updated 
anywhere else they exist in the object-oriented system, 
even though these components may not be active ob- 
jects elsewhere. 

NewWave also includes an agent facility that auto- 
matically handles fairly complex but rote chores. The 
package includes a training tool and perhaps the best 
guide to installing Windows for maximum performance 
ever written. To take advantage of NewWave’s fea- 
tures, application developers have to develop new ver- 
sions of their software, but according to Hewlett- 
Packard, a Windows-based package can easily be up- 
dated to support NewWave. Furthermore, a software 
vendor can ship a single version of application software 
to both standard Windows and Windows/NewWave us- 
ers. Hewlett-Packard has gotten commitments to sup- 
port NewWave from a number of Windows application 
developers. 

Microsoft reportedly licensed much of the source 
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code used in NewWave recently, and you may see 
future versions of OS/2 PM implement many 
NewWave-like features. The NewWave object-ori- 
ented environment offers an increase in user 
friendliness compared to Macintosh that is equal to the 
increase Macintosh offered compared to character- 
based MS-DOS. Therefore, user demands should fuel 
widespread support for NewWave or an OS/2 PM ver- 
sion with NewWave capabilities in the next year or 
two. 

The future of Unix looks rosy, too. The OSF and its 
Motif products have sufficient backing to become an 
industry-wide graphics-environment standard. You’ll 
also be able to buy NewWave for Motif within a year 
or two. But don’t expect a shrink-wrapped version of 
your favorite software for heterogeneous systems on 
the retail shelf soon. OSF should take at least a year 
to settle on an ANDF implementation, and executing 
the chosen implementation could take much longer. 


Article Interest Quotient (Circle One) 
High 470 Medium 471 Low 472 


WHAT’S COMING 
IN EDN 


EDN Magazine’s November 9, 1989, issue will 
provide advanced information on Wescon/89— 
what you can expect at the technical sessions 
and what new products will be displayed at the 
show. Our Special Report will cover low-cost 
workstations—those machines that range in 
price from $4000 to $20,000. Other scheduled 
articles include 
@ An update on surface-mount tech- 
nology 
@ Part 2 of American engineers in 
Japan 
@ Coverage of object-oriented pro- 
gramming 
... and much more. And in our next issue, look 
for EDN’s 16th annual microprocessor directory. 
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DuPont Pixel Systems:"The Power Of =-. ~~ 
Graphics And Imaging In Re —- 


Imagine the competitive 
power of incorporating some of 
the world’s most advanced 
electronic imaging technology 
into your product. Technology 
that takes the fusion of graphics 
and imaging a quantum leap 
forward. For use by virtually 
anyone. Now stop imagining. < 
Because Du Pont Pixel Systems™ ~ 
can bring it to you. 


The Power To See New Worlds. 
DuPont Pixel Systems, 
formerly benchMark Technolog- 

ies, is a supplier of advanced 
board level and sub-system 
picture computing products. Its 
technology can transform a | Pe 2 
computer screen into a window BE \ fe Se oe 
that opens an astonishing new a : 

world of images and information. 
Systems that instantly merge 


graphics and 

imaging. Giving ae 
your products Full X Window System* 
a real com- Implementation. 
petitive 

advantage. 


i eS = 
Real Time Display of 
Sensory Data. 


UNIX® is a registered trademark of AT&T. 
GIP, bLITZ and bRISC are trademarks of the Du Pont Company. 
X Window System® is a registered trademark of Massachusetts Institute of Technology. 
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The Power Of The System. 

Our core products include 
GIP™ a graphics and image 
processor that provides an 
integrated system solution where 
the merging of high resolution 
graphics and imaging in real time 
are required. Also bLITZ™a 
microprogrammable floating 
point accelerator with 50 MFlop 
performance. And bRISC"a 
family of VME, RISC-based single 
board UNIX® computer engines 
that gives you unmatched 
processing power and function- 
ality—up to 14 Mips and 4.5 
MF lops—in a highly cost-effect- 
ive manner. All products which 
work together. All compatible 
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with standard industry 
platforms. And all together 
outpowering any comparable 
system. 


The Power Of Du Pont. 

Du Pont has the track record. 
Over two billion dollars in sales 
in the imaging market; over two 
billion dollars in sales to the 
electronics market with a billion 
dollar commitment to Electronic 
Imaging. Plus product service 
and support backed by the 
Du Pont 24-hour Customer 
Response Center and service 
management system. Du Pont 
Pixel Systems strengthens this 
commitment with electronic 
imaging technology that is 
limited only by the imagination 
of the people who use it. 

Find out how Du Pont Pixel 
Systems can help move your 


business ahead in ways that were 


unimaginable just a few years 
ago. Call 1-800-654-4567 to 
start imagining the possibilities 
of imaging for all of us. 


DuPont Pixel Systems Limited (UK): 01 541 1944 
DuPont Pixel Systems (Japan): (81) 3 584 4912 
DuPont Pixel Systems (West Germany ): 

(49) 6102 182171 


UU PONT 
_PIXEL 
SYSTEMS” 
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AILINX DEFIES 
CONVENTIONAL 


©1988 Xilinz, Inc, 2069 Hamilton Ave, San José, 


_ €s 3 oe 
halt 730816725, Tokyo, 03-561-7763. Xilinx and Logic Cell are trademarks and The Programmable Gate Array Company is a service mark of Xilint Ms . 
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Convention says that gate 
arrays often take months to 
develop. 

Convention says that TTL 
and PLD-based designs sacrifice 
production cost effectiveness. 

Maybe it’s time you flaunted 
convention. 

With Xilinx Programmable 
Gate Arrays. They give you all the 
benefits of gate arrays, but you 
can program them right at your 
desktop. 


Time to Market 


5) 10 15 
| | | 


Verification Prototyping 


Gate Array 


Programmable 
Gate Array 


Cut up to 15 weeks from your design schedule. Because Xilinx 
Programmable Gate Arrays mean no waiting, and no risk. 


Any way you look at it—speed, 
density or price—Xilinxs Program- 
mable Gate Arrays make conven- 

tional logic design seem prehistoric 
by comparison. 


Evaluation 


Xilinx Programmable Gate 
Arrays cut months off your devel- 
opment cycle and replace boards 
full of TTL and PLDs. 

You don't worry about NRE, 
because there isn't any. 

You work with a proven stan- 
dard part that has already been 
100% tested down to the last 
transistor. And our standard 
parts are priced the way most 
standard parts are priced. Low 
and getting lower. 

If all this sounds too 


the evidence: 


using more than 2,500 
of our development 
systems. And this year 
theyll create more than 
10,000 designs, guided 


by Xilinx’s comprehensive design 


tools and complete technical 
support. 
Production benefits are well 


proven: We've already shipped 


more than a — 
millionfully “pc 
tested parts, 4" 

So if youre 
tired of working 
the conventional 


good to be true, consider 


Design engineers are 


Programmable design cuts your expenses, not 
your options. Xilinx offers you a broad range of 
Logic Cell™ Arrays for every application. 
way, take a look at Xilinx’s Pro- 
grammable Gate Array. Our new 
data book shows you how to get 
more density with less risk and 
get your ideas to market faster. 

Just call (800) 255-7778. In 
California call (408) 559-7778. Or 
contact your local Xilinx distrib- 
utor, rep, or sales office and ask 
for a COpy. 

It defies conventional logic. 
But it makes perfect sense. 


>. XILINX 


The Programmable Gate Array Company” 
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SWITCHING 
SOLUTIONS 


for your ATE 


Model 707 Switching Matrix—the heart of a superior ATE system— 
accepts up to 6 matrix cards. 


It’s in the cards. Keithley’s Model 707 Switching 
Matrix accepts a full range of interchangeable switch- 
ing cards, so you can custom-design your test system for 
the best performance. Optimize switching characteristics to 
specific signals for more reliable, repeatable test results. 


Connect quick. The 707’s built-in analog backplane conducts 
signals between cards and eliminates external cabling. Control up to 


2880 relays from one IEEE-488 address for signals from 5uV to 200 
VDC, and up to 30 MHz. 


P oint and pr ogr am. Program your test He ne seesiaieanee 
interconnect quickly and easily with the optional light pen. Use the pen to 


toggle any relay state, verify the setup on the display, and record up to100 relay 
configurations—or transfer them to computer memory. 


Poca ae Call our Technical Support Hotline, (800) 552-1115, any time before 7:00 p.m. EST. 


Our Applications Engineers are available to help you configure your next 
switching system. 


And be sure to ask for your free copy of Keithley’s authoritative Switchin g 
Handbook and the Model 707 Configuration Guide. 


The Model 707 
Switching Matrix 
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Troubleshooting 
series comes 
to a close 


In any serious troubleshooting situation, planning 
what tests are most likely to give you the answer 
quickly, rather than charging off in random directions, 
is usually wise. Intermittents are the toughest, most 
frustrating kind of troubleshooting problem. And bench 
instruments augment an engineer’s senses and open 
the window of perception to the circuits he or she is 
troubleshooting. 


Robert A Pease, National Semiconductor Corp 


“Floobydust” is an old expression around our lab that 
means potpourri, catch-all, or miscellaneous. In this 
last installment, I’ll throw into the floobydust category 
a collection of philosophical items, such as advice about 
planning your troubleshooting, and practical hints 
about computers and instruments. 


Troubleshooting intermittent problems 


The car that refuses to malfunction when you take 
it to the shop, the circuit that refuses to fail when 
you're looking at it—does it really fail only at 2 am?— 
these are the problems that require the most extreme 
efforts to solve. 

The following techniques apply to intermittent prob- 
lems: 

1. Look for correlation of the problem with some- 
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thing. Does it correlate with the time of day? The line 
voltage? The phase of the moon? (Don’t laugh.) 

2. Get extra observers to help see what else may 
correlate with the problem. This extra help includes 
both more people to help you observe and more equip- 
ment to monitor more channels of information. 

3. Try to make something happen. Applying heat 
or cold may give you a clue. Adding some vibration 
or mechanical shock could cause a marginal connection 
to open permanently. 

4. Set up a storage scope or a similar data-acquisition 
system to trap and save the situation at the instant 
of the failure. Depending on the nature of the instru- 
ment, you may be able to store the data before the 
event’s trigger or after or both. 

5. Get one or more buddies to help you analyze the 
situation. Friends can help propose a failure mode, a 
scenario, or a new test that may give a clue. 

6. As the problem may be extremely difficult, use 
extreme measures to spot it. Beg or borrow special 
equipment. Make duplicates of the circuit or equipment 
that is failing in hopes of finding more examples of the 
failure. In some cases, you are justified in slightly abus- 
ing the equipment in hopes of turning the intermittent 
problem into an all-the-time problem, which is often 
easier to solve. 

In case you haven’t guessed, I’m not a big fan of 
digital computers. When a computer tries to simulate 
an analog circuit, sometimes it does a good job; but 
when it doesn’t, things get very sticky. Part of the 


171 


ee eer se oe 
Intermittent problems require the most 
extreme efforts to solve. 


problem is that some people put excessive confidence 
and belief in anything a computer says. Fortunately, 
my bosses are very skeptical people, and they agree 
that we must be cautious when a computer makes out- 
rageous promises. Still, we all agree that computers 
promise some real advantages, if only we can overcome 
their adversities and problems. 

In many cases, if you have trouble with the simula- 
tion of an analog system, you troubleshoot the simula- 
tion just as you would the circuit itself. You get voltage 
maps at various “times” and “temperatures,” you insert 
various stimuli, watch to see what’s happening, and 
modify or tweak the circuit just like a “real” circuit. 
But, just like the Mario brothers, you can encounter 
problems in Computerland: 

1. You might have a bad circuit. 

2. You might forget to ask the computer the right 
question. 

3. You might have mistyped a value or instruction 
or something. The easiest mistake of this sort is to try 
to add a 3.3M resistor into your circuit. Spice thinks 
you mean 3.3 malliohms, not megohms. This problem 
has hooked almost everybody I know. I solved it by 
using “3300K” (3300 kQ in Spice). 

4. You might have a bad “model” for a transistor 
or device. I’ve seen a typographical error in the pro- 
gram listing of a transistor’s model tie a project in 
knots for months. 

5. You might have neglected to include strays such 
as substrate capacitance, pe-board capacitance, or— 
something that most people forget—lead inductance. 

6. You might get a failure to converge or an exces- 
sive run time. Or the computer might balk because the 
program is taking too many iterations. 

Sometimes problems happen that only a computer 
expert can address. But when you ask the computer 
guru for advice, you could get no advice or—what’s 
worse—bad advice. After all, many computer wizards 
know nothing whatsoever about linear circuits. If the 
wizard tells me, “Hey, don’t worry about that,” or, 
“Just change the voltage resolution from 0.1 mV to 
10 mV,” then I must explain to the wizard that, al- 
though that advice might make some computers happy, 
it gives me results that are completely useless. Talking 
to computer wizards is sometimes difficult. 

Even if you do everything right, the computer can 
lie to you. Then you have to make a test to prove that 
you can get the right answer and the computer can’t. 
Then, just tell your boss that the computer has proved 
itself incompetent. 
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Intermittent failures—especially those that occur only at 2 am—are 
the toughest to troubleshoot. 


What I really think you ought to do instead of using 
digital simulations is to make an analog-computer 
model—you’ll have a lot less trouble. Be sure to scale 
all the capacitances at 100 or 1000 normal, so the 
time scale is scaled down by 100, which makes the 
strays negligible. That’s what I do. I will listen to 
alternative points of view but, be forewarned, with 
frosty skepticism. 


There’s nothing like an analog meter 


Everybody knows that analog meters aren’t as accu- 
rate as digital meters. Except . . . you can buy DVMs 


with a 0.8% accuracy; analog meters better than that 


exist. Anyway, let’s detail some problems with analog 
meters. : 

Even if an analog meter is accurately calibrated at 
full scale, it may be less accurate at smaller signals 
because of nonlinearity arising from the meter’s inher- 
ent imperfections in its magnetic “circuits.” You can 
beat that problem by making your own scale to correct 
for those nonlinearities. Then there’s the problem of 
friction. The better meters have a “taut-band” suspen- 
sion, which has negligible friction—but most cheap me- 
ters don’t. Now, as we have all learned, you can neu- 
tralize most of the effects of friction by gently rapping 
on, tapping at, or vibrating the meter. It’s a pain in 
the neck, but when you’re desperate, it’s good to know. 

Even if you don’t shake, rattle, or roll your meters, 
you should be aware that they are position-sensitive 
and can give a different reading if flat or upright or 
turned sideways. 

The worst part about analog meters is that if you 
drop them, any of these imperfections may greatly 
increase until the meter is nearly useless or dead. This 
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is “position sensitivity” carried to an extreme. Ideally, 
you would use digital meters for every purpose. But 
analog meters have advantages when, for example, 
you have to look at a trend or watch for a derivative 
or an amplitude peak—especially in the presence of 
noise, which may clutter up the readings of a digital 
voltmeter. So, analog meters will be with us for a long 


time, especially in view of their need for no extra power 
supply, their isolation, and their low cost. 

But, beware of the impedance of meter movements. 
They look like a stalled motor—a few hundred millihen- 
ries—at high frequencies. But if the needle starts 
swinging, you'll get an inductive kick of many henries. 
So, if you put an analog meter in the feedback path 


Methodical, logical plans ease troubleshooting 


Even a simple problem with a re- 
sistive divider offers an opportu- 
nity to concoct an intelligent 
troubleshooting plan. Suppose 
you had a series string of 128 1- 
kO resistors. If you applied 5V 
to the top of the string and 0V 
to the bottom, you would expect 
the midpoint of the string to be 
at 2.5V. If it weren’t 2.5V but 
actually 0V, you could start your 
troubleshooting by checking the 
voltage on each resistor, working 
down from the top. 

But that strategy would be ab- 
surd. Checking the voltage at, 
say, resistor #96, then at #112 
or #80, then at #120 or #104 or 
#88 or #72—branching along— 
would be much more effective. 
With just a few trials, you could 
find where a resistor was broken 
open or shorted to ground. Such 
branching along would take a lot 
fewer than 64 tests. 

Further, if an op-amp circuit’s 
output was pegged, you would 
normally check the circuit’s op 
amp, resistors, or conductors. 
You wouldn’t normally check the 
capacitors, unless you guessed 
that a shorted capacitor could 
cause the output to peg. Con- 
versely, if the op amp’s Voyr was 
a few dozen millivolts in error, 
you might start checking the re- 
 sistors for their tolerances. You 
might not check for an open-cir- 
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cuited or wrong-value capacitor, 
unless you checked the circuit’s 
output with a scope and discov- 
ered it oscillating. 

So, in any circuit, you must 
study the data—your “clues’— 
until they lead you to the final 
test that reveals the true cause 
of your problem. 

Thus, you should always first 
formulate a hypothesis and then 


invent a reasonable test or series _ 


of tests, the answers to which will 
help narrow down the possibili- 
ties of what is bad and may, in 
fact, support your hypothesis. 
These tests should be perform- 
able. But you may define a test 
and then discover it is not per- 
formable or would be much too 
difficult to perform. Then I often 
think, “Well, if I cowld do that 
test, the answer would either 
come up ‘good’ or ‘bad.’ OK, so I 
can’t easily run the test. But if I 
assume that I’d get one or the 
other of the answers, what would 
I do next to nail down the solu- 
tion?” 

For example, if I had to probe 
the first layer of metal on an IC 
with two layers of metal because 
I had neglected to bring an im- 
portant node up to the second 
metal, I might do several other 
tests instead. I would do the 
other tests hoping that maybe I 
wouldn’t have to do that probing, 


which is rather awkward even if 


I can “borrow” a laser tocut 
through all the layers of oxide. 
If I’m lucky, I may never have © 


cult or nearly impossible” test. 
Of course, sometimes the ac- 


to go back and do that “very diffi- / 


tual result of a test is some com- | 


pletely unbelieveable answer, 
nothing like the answers I ex- 
pected. Then I have to recon- 


sider—where were my assump- | 


tions wrong? Where was my 
thinking erroneous? Or, did I 
take my measurements correctly? 


Is my technician’s data really 


valid? That’s why troubleshoot- 
ing is such a challenging busi- 
ness—almost never boring. 

On the other hand, it would be 
foolish for you to plan everything 


and test nothing. Because if you — 


did that, you would surely plan 
some procedures that a quick test 


would show are unnecessary. 


That’s what they call “paralysis 
by analysis.” All things being 
equal, I would expect the plan- 
ning and testing to require equal 
time. If the tests are very compli- 
cated and expensive, then the 
planning should be appropriately 
comprehensive. If the tests are 


simple, as in the case of the 128 


resistors in series, you could 


make them up as you go along: 
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Some people put excessive confidence in 
anything a computer says. 


of an op amp, you'll need a moderate feedback capacitor 
across the meter. 

As I mentioned before, digital meters are always 
more accurate than analog meters . . . except for when 
they aren’t. Recently, a manufacturer of power sup- 
plies decided to “modernize” its bench-type supplies 
by replacing the old analog meters with digital meters. 
Unfortunately, these meters came with an accuracy 
of +5%. Having a 2’4-digit digital panel meter (DPM) 
with a resolution of 1 part in 200 but an accuracy of 1 
part in 20 certainly is silly. Needless to say, I stopped 
buying power supplies from that manufacturer. 

The steadiness and irrefutability of those glowing, 
unwavering digits is psychologically hard to rebut. I 
classify the readings of the DVM or DPM with any 
other computer’s output: You have to learn to trust a 
computer or instrument when it’s telling the truth and 
to blow the whistle on it when it starts to tell something 
other than the truth. 

For example, most slow DVMs have some kind of 
dual-slope or integrating conversion, so they’re inher- 
ently quite linear, perhaps within 1 or 2 least-signifi- 
cant digits. Other DVMs claim to have the advantage 
of higher conversion speed; this higher speed may be 
of no use to the bench engineer, but it is usable when 
the DVM is part of an automated data-acquisition sys- 
tem. These faster instruments usually use a successive- 
approximation or recirculating-remainder conversion 
scheme, both of which are not inherently linear but 
depend on well-trimmed components for linearity. I 
have seen several DVMs that cost more than $1000 
and were prejudiced against certain readings. One 
didn’t like to convert 15 mV; it preferred to indicate 
14 or 16. 

I hate to use a DVM’s autoranging mode. I have 
seen at least two—otherwise high-performance— 
DVMs that could not lock out the autorange feature. 
The worst aspect of these meters was that I couldn’t 
tell where they would autorange from one range to 
another, so I couldn’t tell where to look for their non- 
linearity. After an hour of searching, I found a couple 
of missing codes at some such preposterous place as 
10.18577V. And this on a $4000 DVM that the manufac- 
turer claimed could not have such an error—could not 
have more than 1 ppm of nonlinearity. 

Another DVM had the ability to display its own 
guaranteed maximum error, saying that its own error 
could not be more than +0.0040% when measuring a 
1-MQ resistor. But then it started indicating that one 
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Spice printouts are almost always good for something. 


of my better 1.000000-MQ resistors was really 0.99980 
MQ. How could I prove it was lying to me? Easy—I 
used jiujitsu by employing its own force against itself. 
I got ten resistors each measuring exactly 100.000 
kQ—all the DVMs in the lab agreed on these resistors’ 
values. When I put all 10 resistors in series, all the 
other meters in the lab agreed that they added up to 
1.00000 MQ; the fancy but erroneous machine said 
0.99980 MQ. Back to the manufacturer it went. 

So, if you get in an argument with a digital meter, 
don’t think that you must be wrong. You can usually 
get an opinion from another instrument to help prove 
where the truth lies. Don’t automatically believe that 
a piece of “data” must be correct just because it’s “digi- 
tal.’ 

And be sure to hold onto the user’s manual that 
comes with the instrument. It can tell you where the 
guaranteed error band of the DVM gets relatively bad, 
such as for very low resistances, for very high resis- 
tances, and for low ac voltages. 

Most digital voltmeters have a very high input im- 
pedance (~10,000 MQ typ) for small signals. However, 
if you let the DVM autorange, at some level the meter 
will automatically change to a higher range where the 
input impedance becomes 10 MQ. Some DVMs change 
at 2V or 3V, others at 10 or 12 or 15V, and yet others 
at +20V. As I mentioned in the section on equipment, 
I like to work with the DVMs that stay high-impedance 
up to at least 15V. But, the important thing is to know 
the voltage at which the impedance changes. A friend 
reminded me that a guy he knows had recently taken 
a week’s worth of data that had to be retaken because 
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___ Thanks to Elantec, 
design engineers can take a 
heavy load off their minds. 


With Elantec’s new monolithic buffer amplifiers, design 
engineers can drive a heavy load without being driven insane. 


That’s because our buffers deliver high speed and low 
power consumption while driving twisted pair, coax, 
and fiber optic cables. Yet they cost a fraction 

of competitive products. 


In fact, all Elantec analog 
ICs are high-performance. 
And perfect for demand- 

ing applications from 

video and ATE, to instru- 
mentation, disk drives, 
and more. 


—— One product that really 
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a 180 MHz bandwidth and 2000 V/uS 

slew rate. That makes it perfect for fast 

__ open loop applications. 


Or for closed loop applications with 

low-cost amplifiers there’s our EL2001 with 
™ a 70 MHz bandwidth and 

1000 VS slew rate. It offers the 

lowest power consumption of any 
buffer at any price. EL2001CN 

: only $1.45 in 100’s. 


For all high-performance applications, look to the full family of Elantec 
| © igh speed analog products. Including everything from amplifiers and 
_ buffers, to pin drivers, comparators, and transistor arrays. Elantec, 


analog that’s ahead of the times. 


Get A Load Of Our Free Selection Guide. For your 
free copy, circle the pe number or write Elantec. 


elantec 


HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS 


Ss Start clan a mean bargain on heavy loads. 


Elantec: 1996 Tarob Court, Milpitas, CA 95035. Telephone: (408) 945-1323, FAX: (408) 945-9305 © 1989 Elantec 
European Sales: 87 Jermyn Street, London, SWIY6JD, England. Tel: 44-1-839-3841, Telex: 917835, FAX: 44-1-930-2551 
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In some cases, you are justified in slightly 
abusing equipment in the hopes of turning 
an intermittent problem into an all-the- 
time problem. 


he neglected to allow for the change of impedance. I 
think I’ll go around our lab and put labels on each 
DVM. 

Still, DVMs are very powerful and useful instru- 
ments, often with excellent accuracy and tremendous 
linearity and resolution—often as good as 1 ppm. I’ve 
counted some of these ultralinear meters as my friends 
for many years. I really do like machines that are 
inherently, repeatedly linear. 

One picky little detail: Even the best DVM is still 
subject to the adage, “Heat is the enemy of precision.” 
For example, some DVMs have a few extra microvolts 
of warm-up drift, but only when you stand the box 
on its end or side. Some of them have a few microvolts 
of thermal wobble and wander when connected to a 
zero-volt signal (shorted leads), but only when you use 
banana plugs or heavy-gauge (16, 18, or 20 gauge) 
leads—not when you use fine wire (26 or 28 gauge). 
The fine-wired leads do not draw as much heat from 
the front-panel binding posts. So, even the best DVM 
auto-zero circuit cannot correct for drifts outside its 
domain. 

Most engineers know that DVMs add a resistive 
(10-MQ) load to your circuit and a capacitive load (50 
to 1000 pF) that may cause your circuit to oscillate. 
But, what’s not as well known is that even the better 
DV Ms may pump noise back through their input termi- 


ALL TRANSISTORS=2N3906 


Vout =1x500= 2500 
1 


nals and spray a little clock noise around your lab. So 
if you have a sensitive circuit that seems to be picking 
up a lot of noise from somewhere, turn off your DVM 
for a few seconds to see if the DVM is the culprit. If 
that’s not it, turn off the function generator or the 
soldering iron. 


Signal sources 


While I’m on the subject of instruments, I really 
enjoy using a good function generator to put out sines 
and triangle waves and square waves and pulses. But 
I certainly don’t expect the signals to be undistorted— 
all these waveforms will distort, especially at high fre- 
quencies. So if I want my function generator to give 
me a clean sine wave, I put its output through an active 
filter at low frequencies or an LC filter at high frequen- 
cies. If I want a clean, crisp square wave, I will put 
the signal through a clipping amplifier or into a diode- 


limited attenuator (Fig 1). If I want a cleaner triangle 


than the function generator will give me, I just make 
a signal generator from scratch. 

A function generator lets me down when some ab- 
sent-minded person pushes one button too many and 
the output stops. It can take me five minutes to find 
what the problems are. I love all those powerful versa- 
tile functions when I need them, but they drive me 
nuts when the wrong button gets pushed. 


+ 
200 pF 


Bon 
~ 


IN914 OR 
IN4148 


- 
200 uF 


10 pF 


Va SETTLES QUICKLY TO 


Ro ) 
(15V-0.7V) [ ne 


Fig 1—Either a clipping amplifier (a) or diode-limited bridge (6) will give you a clean, crisp square wave. 
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Ive seen a typographical error in the pro- 
gram listing of a transistor’s model tie a 
project in knots for months. 


Fig 2—If you’re worried that some foolish person will ruin a circuit 
by misadjusting a trimming potentiometer, you can foil the bungler 
with this “snip-trim” network. The procedure for trimming Vour to 
22V within 1% tolerance is as follows: If Vour is higher than 23.080V, 
snip out R; (if not, don’t); then if Vour 1s higher than 22.470V, snip 
out R, (if not, don’t); then if Vour is higher than 22.160V, snip out 
R; (if not, don’t). Obviously, you can adapt this scheme to almost 
any output voltage. Choosing the breakpoints and resistor values is 
only a little bit tricky. 


Similarly, a scope’s trace can get lost and hide in the 
corner and sulk for many minutes on end if you don’t 
realize that somebody (maybe your very own errant 
fat finger) pushed a treacherous button. When the digi- 
tal scopes with their multiple layers of menus and sub- 
menus start playing that game, I find I need a buddy 
system—somebody to come and bail me out when I 
get hopelessly stuck. What menu is that dratted 
beamfinder on, anyway? | 

But, scopes work awfully well these days. Just don’t 


Fig 3—You can avoid incurring Bob’s ire. 
uf you dodge one of his pet peeves: an exces- 
sive trimming-potentiometer adjustment 
range (a). The circuit in b suits TTL much 
better. 
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expect precision results after you drive the trace many 
centimeters off scale by turning up the gain to look at 
the bottom of a tall square wave. Scopes aren’t obli- 
gated to do that very well. Similarly, be sure to keep 
the trimmers on your 10x probes well adjusted, and 
run a short ground path to your probes when you 
want to look at fast signals. 


How to trim without trimming potentiometers 


Speaking of keeping circuits well trimmed, some peo- 
ple like to use trimming potentiometers to get a circuit 
trimmed “just right.” Other people hate to because the 
potentiometers are expensive or unreliable or drifty. 
Worst of all, if a circuit can be trimmed, it can also 
be mistrimmed; some person may absent-mindedly or 
misguidedly turn the potentiometer to one end of its 
range or to the wrong setting. How long will it take 
before that error is corrected? 

For just this reason, some people prefer fixed-volt- 
age regulators because they always have a valid output 
(+5%) and can never get goofed up by a trimming 
potentiometer. Other people need a tighter tolerance 
yet are nervous about the trimming potentiometer. 
You will find the solution in the snip-trim network in 
Fig 2. This scheme will let you trim a regulator well 
within 1% without trimming potentiometers. Note that 
you could also use this technique to set the gain of 
integrators and the offset of amplifiers. It’s not always 
easy to engineer the correct values for these trims, 
but it is possible. And, nobody’s going to go back and 
tweak the potentiometer and cause trouble if there’s 
no potentiometer there to tweak. 


ADJUST 
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Next time they boast 
about adding more 


features to a réal-time 


clock, ask to see one first. 


The Harris Way: 
More On-Chip 


Functions And 
Affordable. 


First, we thought abow 
life two centuries from” 
now. Then we built a clock 
to last that long. 

A 128-year calendar 
with automatic leap year 
corrections Is Just one 1m- 
pressive feature of our 
patented ICM7170 real- 
time processor-compatible 
clock. There are many 
more. 

Our CMOS-fabricated 
clock offers more on-chip 
counters keep time from 
hundredths of seconds to 
years. The ICM7170 is easy 


to use, too: no exotic soft- 


functions than commodity- 
quality clocks, mcluding a 
battery backup circuit, 
regulated power supply 
(assuring stable oscillator | ware is needed. Latches 
frequency), on-chip power | prevent clock roll-over dur- 
ing read cycle. And you 
read it like a RAM. 


The 7170's 300 ns ac- 


down detector and on-chip 
alarm comparator and 
RAM. It generates alarm 


©1989, Harris Corporation 
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perfect peripheral for a 


forming where pertor- 
mance counts most — in 


demanding strategic and 
i tactical systems. Pack- 
» ages include 24-pin 
plastic and ceramic 
= = DIPs and 24-pin 
=e SOIC. 
So if youre look- 

ing for a high-perfor- 
mance power-saving 
clock for your system, 
look to Harris’ 7170. 
Call for our bro- 
chure and data sheet: 
1-800-4-HARRIS, 
Ext. 1998. 


ad high com- 
patibility make it a 


whole range of applica- 
tions, from data logging 
and portable and personal 
computers to imdustnial 
process control and point 


of sale systems. 
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Our Pressure 
Sensing Technology 
Performs... 


.. even in the most difficult environments! 


We've enhanced our premium grade, MIL- 
qualified pressure sensors and added a new line 
of general performance units to meet an 
even broader range of applications. Our unit 
specifications include: 


M Pressure Ranges: 2 inches H2O to 10,000 psi 


JL 


Mh 


& mV, voltage or 4-20 mA outputs 

M Range of pressure sensing techniques 
™@ Standard stock and customized designs 
& Industrial/Aircraft/Marine applications 


To find out more about our pressure sensors and 
other Schaevitz’ products, call our Hot Line: 
609/662-8008 or write Schaevitz, 7905 N. Route 
130, Pennsauken, NJ 08110-1489. 


Grid Scale: %" x %" 


Our Sensors 
Measure Up 
Under Pressure 


CIRCLE NO 25 


A pet gripe of mine concerns engineers who design 
a circuit with an adjust range that’s so wide that dam- 
age can occur. For example, Fig 3a is a bad idea for 
a regulator for a 5V supply for TTL because the TTL 
parts would be damaged if someone tweaks the pot to 
one end of its range. Fig 3b is better. 

In closing, let’s all work together lest troubleshoot- 
ing become a lost art. I’ve done my bit, now you do 
yours. Send your own troubleshooting articles to EDN. 
If you don’t have enough troubleshooting ideas to pro- 
duce a full-length article but do have some good tips 
that you didn’t see in this series, send them to EDN’s 
Design Ideas editor. No doubt, EDN will print some 
of them. Please send me a copy of anything you send 
to EDN—TI’d love to look at it. And if you’ve got any 
comments about my series, please write to me at Na- 
tional Semiconductor Corp, M/S C2500, Box 58090, 
Santa Clara, CA 95052. After all the tips I’ve given 
you, it’s only fair that you share your comments with 
me. 


Author’s biography 
For more information about Bob Pease, see the box, “Who 


1s Bob Pease, anyway?” on page 148 of the January 5, 1989, 
edition of EDN. 
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The ten years battery | 
that offers you even more capacity. 


Modern micro-electronics now have a clear VARTA Lithium cells achieve a lifetime of 10 years. 
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makes DIP switch quality 


a reality, not a slogan 


Sep i. = ] . Ter jae ie. 
ee ee Sa eons ot ay i. se 
a aa. ‘owe Sa ee ‘ __ == : = : 


sna 


ry 
Biss 


‘sorerere? : : : 


Se 


Is your DIP switch supplier being measured hy SPC? 


The industry's reliance on Grayhill leader- 
ship has received another boost with the 
implementation of SPC manufacturing tech- 
niques to our DIP switch lines. (Note: SPC 
data not yet available for all configurations.) 


In-line measurements are control-charted. 
Variations are identified to maintain pro- 
cesses within controlled limits. Only accept- 
able product comes off the Grayhill line and 
onto yours! 


Grayhill DIP Switches are tested every step of If your DIP switch supplier cant give you 
the way in the manufacturing process. Ifinitial Parts per million data, you should be talking ; 
contact resistance varies from control limits, the to Grayhill. We offer you the widest choice Variable data is entered electronically at production 
problem is immediately diagnosed and cured. of DIP switch actuators, stations, and sites and transmitted to the Grayhill mainframe 
, | circuitri es, inclu ding MIDIP™ machine- to track performance and compile reports. 
insertable switches. Prices are competitive, 
but we offer features as standard that are 
extras elsewhere. 


Grayhill DIP switches, as well as rotary and 

pushbutton switches, keyboards, solid state 

relays and I/O modules, are available from 
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described in detail in EEM. _——— = 
| 561 Hillgrove Avenue, P.O. Box 10373 _ 

7 — Ask us for your FREE copy of Engineering laGrancs Illinois 60525-0373 USA 

aa ee Catalog #1 with detailed DIP switch speci- _—_ Phone: (312) 354-1040 FAX: (312) 354-2820 

This machine automatically tests every DIP fications. ..and call now for full details on TLX or TWX: 190254 GRAYHILL LAGE 

Switch for actuation force. We get reliable ppm SPC DIP switches _ , 

data and you get reliable DiP Switches. __ oF . 
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Design Feature 


Rate-monotonic 
scheduling ensures 
tasks meet deadlines 


Traditional approaches to creating multi- 


tasking systems can force you to overdesign 
your hardware to ensure that all critical 
software tasks will meet their hard dead- 
lines. Rate-monotonic scheduling, a simple 
priority-setting method, lets you guarantee 
that all tasks will meet their deadlines and 
that an overloaded system wowt crash. 


Lee Silverthorn, DDC-I Inc 


Rate-monotonic scheduling is a technique that lets you 
prioritize tasks for a real-time, multitasking kernel and 
prove mathematically that your system will meet all 
of its critical deadlines. In addition, this scheduling 
approach lets you design a system that, when over- 
loaded, will fail gracefully instead of crashing. 

In real-time systems, periodic tasks perform repeti- 
tive work. Two parameters completely describe a peri- 
odic task’s performance requirements: the task’s execu- 
tion time and its execution period. The execution time 
is simply the amount of processor time the task re- 
quires for each execution. The execution period is the 
time between succeeding initiations of that task. You 
can determine the load a task places on the system 
processor by dividing the execution time by the execu- 
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tion period (effectively multiplying the execution time 
by the execution frequency). 

A cyclic executive is the simplest approach to build- 
ing real-time software systems that execute periodic 
tasks. The executive consists of a software loop that 
executes a fixed list of tasks (Fig 1). The core of the 
executive need be little more than a small program 
that calls each task in turn via a jump table that con- 
tains a list of task addresses. Task service is determin- 
istic: every task is executed when its turn in the loop 
comes around. If a task has nothing to do it terminates 
itself quickly, but a portion of every task is still exe- 
cuted each time through the loop. 

Cyclic executives are very simple to create because 
they don’t rely on interrupts or other forms of excep- 
tion processing. However, cyclic executives can have 
poor response times when responding to external 
events because an event can’t be handled until the 
executive calls the appropriate service routine—and 
that may require almost an entire pass through the 
software loop. Also, any change to the cyclic executive 
or to the routines it calls alters the software loop’s 
timing, so the cyclic executive may prove inflexible 
and difficult to modify if your system specifications 
change. 3 

A cyclic executive will satisfy your application’s 
needs if the entire software loop executes in less time 
than the most frequently executed task’s execution pe- 
riod. However, if the loop’s execution time exceeds 
the required period of one of your periodic tasks, you 
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R ate-monotonic scheduling allows you to 
prove mathematically that your system will 
meet all of tts critical deadlines. 


may have to replicate that particular task two or more 
times within the loop in order to meet that task’s dead- 
lines. 

When you design a cyclic executive’s software loop, 
you must calculate the loop’s period on the basis of the 
maximum time required to execute every task, includ- 
ing all the tasks that service exceptions. Naturally, if 
you create tasks that have variable execution times, 
you greatly complicate the loop’s timing calculations. 
In addition, you may run into performance problems 
with a cyclic executive after you finish your initial 
product design. Changes that you make to the software 
during debugging or maintenance, such as modifica- 
tions to existing tasks or the addition of new tasks, 
can alter the software loop’s timing so that periodic 
tasks can no longer meet their critical deadlines. To 
solve this problem, you may be forced to use a faster, 
more powerful processor, but this solution is unsatis- 
factory because it increases your hardware costs. 


Interrupts avoid overbuilt systems 


If you’re faced with a task load that can’t run on the 
processor you want to use, consider using an interrupt- 
driven, real-time, multitasking kernel. Instead of exe- 
cuting a fixed list of tasks, this type of kernel relies 
on hardware or software interrupts to schedule tasks. 
If you don’t care exactly when a particular task is 
executed, as long as you meet that task’s deadline, you 
often won’t need the deterministic feature of the cyclic 
executive. A software design based on a multitasking 
kernel probably won’t need to execute every possible 
task in a certain time period. Instead, the system serv- 
ices only the tasks that request service, and therefore, 
during normal operation, it needs less processing 
power than does a cyclic executive. 

You must assign priorities to tasks running under a 
multitasking kernel so that the kernel can know which 
task to execute first if more than one task requires 
service. Using an ad hoc priority-assignment scheme, 
you often set task priorities so that the most critical 
tasks have higher priority than the others. This ap- 
proach to setting priorities feels right intuitively, but 
it doesn’t let you prove that your system will work 
under all conditions. Also, this approach doesn’t allow 
you to predict your system’s performance under over- 
load conditions. 

Rate-monotonic scheduling allows you to set task 
priorities for systems that are based on a multitasking, 
real-time kernel, and to prove that your software de- 
sign will meet hard deadlines for critical tasks. The 
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Fig I—A cyclic executive executes every system task using a 
simple software loop. For every pass through the loop, each task is 
executed once. 


technique is based on some statistical research per- 
formed at the Department of Computer Science at Car- 
negie-Mellon University (CMU) and the Software En- 
gineering Institute at CMU (Ref 1). Rate-monotonic 
scheduling (RMS) makes two assumptions: 

@ A simple, real-time system design consists of a 
number of independent periodic tasks that execute 
under the control of a pre-emptive scheduler. 
Tasks are independent if the scheduler doesn’t 
have to synchronize their execution. 

e@ The time required to execute a particular task is 
constant. If the task duration is variable, you can 
use the worst-case number instead. 

If these assumptions are valid for your application, 
the theory allows you to calculate a theoretical safe 
upper bound for processor loading. All tasks will meet 
their critical deadlines as long as the actual processor 
load is below this theoretical bound. Note Theorem 1: 


Safe upper bound = n(2”-1), 
where n represents the number of tasks the system 
must execute. Table 1 lists safe loads for systems that 
execute one to nine tasks. The worst-case safe upper 


bound for processor loading occurs when the number 
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of tasks approaches infinity and converges to In(2), or 
69%. ae 

Fig 2 plots the probability of missed deadlines for a 
uniformly distributed set of periodic tasks on the basis 
of three scheduling algorithms. The FIFO algorithm 
is by far the worst, causing missed deadlines at a paltry 
2% processor utilization for the worst-case task set. 
Arbitrary scheduling is almost as bad as the FIFO 
method. However, rate-monotonic scheduling allows 
all tasks to meet hard deadlines at least until processor 
utilization exceeds the worst-case bound of 69%. Fig 
2 is based on statistical simulations (Ref 2). 

The maximum processor-load estimate of 69% is 
based on a worst-case set of tasks for a hypothetical 
system and is, therefore, very pessimistic. Additional 
research into rate-monotonic scheduling shows that 
most systems can operate safely at much higher proces- 
sor loadings than those suggested by the worst-case 
number; in fact, the research indicates that real multi- 
tasking systems can safely attain processor utilizations 
as high as 88% (Ref 3). In addition, Ref 3 gives you a 
second theorem that lets you compute whether a spe- 
cific set of independent periodic tasks, prioritized by 
the rate-monotonic scheduling algorithm, can or can’t 
always meet its deadlines. Thus, you needn’t use the 
worst-case limits if you know the execution times and 


periods for all the tasks to be scheduled. For a set of 


n tasks, Theorem 2 states: | 
> Ll iCall, 
j=l 


where 7, k, and / are integers and f,,, is the ceiling 
function that returns the whole number greater than 
or equal to its argument. If at least one of the equations 
generated by Theorem 2 is true, then the task set can 
be scheduled. 

For most real-time applications, you can generate 
the specific information you need to compute whether 
a set of real-time tasks can be scheduled using Theo- 
rem 2. In effect, you must act as a scheduler to deter- 
mine how many tasks will be executed by each schedul- 
ing point. The scheduling points for any given task 
occur at that task’s deadline and at the ends of the 
periods of all the higher-priority tasks that are exe- 
cuted before that deadline. 

The set of equations generated by Theorem 2 is too 
tedious to solve by hand; however, Listing 1 and List- 
ing 2 provide you with two versions, written in Basic 
and Ada respectively, of a program that makes the 
work much easier. The program accepts a list of tasks, 
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with their execution times and periods, and computes 
each of the scheduling points up to the hard deadline 
of the least important, lowest frequency task. You 
should enter the tasks in order, starting with the most 
frequent and ending with the the least frequent. If it 
ean schedule all periodic tasks within that period, the 
program informs you of its success. If the program 
can’t schedule all of the tasks, however, it warns you 
that your design may fail. 


Rate-monotonic scheduling is easy to apply 
Once you get past the mathematical analysis and 
statistical simulations that prove the theory, rate- 
monotonic scheduling becomes an incredibly easy tech- 
nique to apply. To use the rate-monotonic-scheduling 
algorithm for a system comprising several independent 
Text continued on pg 196 
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Fig 2—At any realistic processor loading, FIFO and arbitrary 
task-scheduling techniques face the very real problem of missing 
their deadlines. Rate-monotonic scheduling, in contrast, allows you 
to safely achieve much higher processor loadings with your real-time 
software designs. 
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LISTING 2 — AN ADA PROGRAM TO CHECK HARD DEADLINES —continued | 


TEMP : E£loac: 

U 2: Elcat <= 0.0; 

UTILIZATION t Eloat <= 6.63 

SCHEDULEPOINT : Float := 0.0; 

CEILING +: integer; 
begin 


~~ Collect the task information 


for i in 1 .. NYASKS ioop 

new line; 

put( "Enter the execution time for task" & integer'image(I) 
& in milliseconds €4.X%): >: 

FLT I0O.get(TASKS(I,TaskTime) ); 


new _line; 

put("Enter the execution period for task” & integer'image(I) 
& “ in milliseconds (€X.%): *); 

FLT _10.get( TASKS(1,TaskPeriod)); 


U := U + TASKS(1I,TaskTime) / TASKS(1,TaskPeriod);: 
end loop; 


-- Check to see if tasks are schedulable under Theorem 1 


if U <= float(NTASKS) * (exp((1.0/float(ntasks)). 2.0) - 1.0) then 
new line; 
put_line("Tasks are schedulable under Theorem 1 "); 
return true; 

end if; 


-~- Check each scheduling point out to Tn 


for L in 1 .. NIASKS iccap 
for K in i .. HIASKS ioop 


UTILIZATION -:= 6.0; 


for ¢ in i .. NIASES ioap 
TEMP := float(L) * TASKS(K,TaskPeriod) / TASKS(J,TaskPeriod); 


-~- Fake the Ceiling function 
CEILING := Integer(Temp); 


if float(CEILING) < TEMP then 
Ceiling += Ceiling + i; 
end if: 


UTILIZATION := UTILIZATION + float(CEILING) * TASKS(J,TaskTime); 
end loop; 


SCHEDULEPOINT := float(L) * TASKS(K,TaskPeriod); 
-- Check to see if this schedule point is too late 


if SCHEDULEPOINT <= TASKS(NTASKS,TaskPeriod) then 
-- Schedule point is not too late; check utilization 
new line; 


put("For L = " & integer’'image(L) & " and K = " & integer'image(K) 
& © utilization is “); 

FLT _10.put( UTILIZATION); 

new_line; 

put( "Schedule point is "); 

FLT I0.put(Schedulepoint); 

new_line; | 


if UTILIZATION <= SCHEDULEPOINT then 
put("Success!"); 
return true; 
end if; 
end if; 
end loop; 
end loop; 
return false; 
end INPUT AND CHECK RMS; 


begin 
new _line; 
put ("Enter the number of tasks to schedule: "); 
INT I0.get (NTASKS); 
if not INPUT_AND CHECK RMS (NTASKS) then 
put_line("These tasks may not meet their deadlines”); 
end if; 
end RMS CHECK; 
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A cyclic executive’s scheduling strategy 1s 
sumple: it executes every system task each 
time through the loop. 


periodic tasks, you simply set the task priorities in 
decreasing order of task execution period. Thus, the 
most frequently executed task gets the highest prior- 
ity, and the least frequently executed task gets the 
lowest. Tasks with intermediate execution rates re- 
ceive intermediate priorities. That’s the entire prioriti- 
zation algorithm. 


Use a pre-emptive scheduler 


To make proper use of the prioritization that rate- 
monotonic scheduling dictates, your multitasking ker- 
nel must employ a pre-emptive scheduler—one that 
allows higher-priority tasks to interrupt the execution 
of tasks with lower priority. The scheduler must main- 
tain an ordered list of tasks that require service, basing 
the order on task priority. Your system must also in- 
corporate one or more interval timers that alert the 
scheduler when each task’s activation time arrives. 

A gyroscopic position-display system is a simple ex- 
ample of a system that might employ rate-monotonic 
scheduling (Fig 3). The tasks in this system consist of 
sampling the gyroscope, updating the position informa- 
tion stored in memory, calculating the change in posi- 
tion, and displaying the position information. In this 
example, gyroscope sampling requires the most fre- 
quent execution, and display updates occur least fre- 
quently. Each task must run once within each of its 
execution periods. As long as a task executes during 
each of its execution periods, it will meet all of its 
deadlines. Note that a task’s execution time must be 
shorter than its execution period or it will never meet 
its deadlines. 


pispLay position | 


Fig 3—These tasks for a gyroscopically-controlled position display, 
which are typical of tasks found in many real-time systems, must 
be executed periodically unth varying frequencies. 
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TABLE 2—RATE-MONOTONIC ALGORITHM 
EXAMPLE: EXECUTION TIMES AND PERIODS 


TOTAL UTILIZATION = 08 


The execution times and periods for the four tasks 
in the gyroscopic position-display example appear in 
Table 2. In this simplified example, task-switching 
times are included in the corresponding task-execution 
times, but you can also use the rate-monotonic schedul- 
ing algorithm to schedule an explicit task-switching 
task in addition to the other tasks. | 

You can compute an individual task’s utilization fac- 
tor (U) by. dividing the task’s execution time by its 
execution period. In this example, the total processor 
load is 80%, calculated by adding up the system’s indi- 
vidual-task utilization factors. The load exceeds the 
maximum safe utilization of 75.6% for a 4-task system 
as computed by Theorem 1 and listed in Table 1. 
Therefore, the system in this example might slip some 
task deadlines. Rate-monotonic theory doesn’t tell you 
that this system wll fail; it warns you that it might 
fail. However, running the hard-deadline program to 
check the ability of the display-position task to meet 
its deadline shows that all tasks in this example will 
always meet their hard deadlines. 


Failing gracefully 


Suppose we modify this example slightly by assum- 
ing that the position-display task in the example sys- 
tem has a 4-msec execution time. This change raises 
that task’s processor utilization to 20% and increases 
the total processor utilization to 90%. Now, both the 


safe-upper-bound calculations and the hard-deadline 


program indicate that the set of four tasks aren’t guar- 
anteed to meet all of the tasks’ hard deadlines. How- 
ever, this sample system might still meet your specifi- 
cations if it could consider the lowest priority task as 
noncritical. Thus, if the position-display task (with a 
4-msece execution time) could occasionally slip its 20- 
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msec deadline without seriously degrading the sys- display task reduces the critical processor load to 70%, 
tem’s performance, then that task’s processor load which is safely below Theorem 1’s bound calculation. 
would no longer be part of the total load for critical Therefore, rate-monotonic scheduling guarantees that 
tasks. all tasks, excluding the 4-msec position-display task, 

In this case, eliminating the 20% processor load im-__ will always meet their respective deadlines. To design 
posed by the extended (but no longer critical) position- a system that will fail gracefully, set the priorities of 
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Once you get past the mathematical analy- 
sis and statistical simulations that prove the 
theory, rate-monotonic scheduling is incred- 
ibly easy to apply. 


noncritical tasks below the priorities of critical tasks 
and use the rate-monotonic scheduling theorems to en- 
sure that critical tasks will always meet their deadlines. 


Importance and priority aren’t identical 

Many experienced software designers, when first ex- 
posed to rate-monotonic scheduling, object to the tech- 
nique because it seems to ignore the “real” priorities 
of tasks. Certain jobs, such as life-support functions, 
obviously are more important than others and there- 
fore intuitively have higher priority. However, a prior- 
ity is merely a number for the multitasking kernel to 
use when making scheduling decisions and doesn’t nec- 
essarily indicate the task’s importance to the overall 
system performance. Rate-monotonic scheduling lets 
you schedule tasks to ensure timely execution of all 
critical tasks. If, when using this method, you can guar- 
antee that the life-support functions will always be 
executed by the required deadlines, you shouldn’t re- 
ally care what priority the algorithm assigns to the 
task. 


Blasting through bottlenecks 


The rate-monotonic scheduling technique also points 
out critical sections of code that limit your system’s 
performance. If you reduce the processor utilization 
of the highest priority task, either by using a faster 
processor or by rewriting the task so that it runs faster, 
you make more processor time available to the other 
tasks without substantially changing the maximum safe 
processor load for your system. Once you’ve improved 
the performance of the highest priority task, you can 
work on improving the execution time of the task with 
the second highest priority, and so on; at each level, 
a reduction of execution time makes a little more time 
available for the remaining lower-priority tasks. Note 
that improving the performance of the task with the 
lowest priority helps only that specific task. 

Table 3 again catalogs the four tasks in the position- 
display example, but it lists three different priorities 
for each task. The first set of numbers is the intuitive 
importance of the task, from most important (1) to 
least important (4) with reyard to the product’s mis- 
sion. The order might be based on a designer’s gut 
feeling for the relative importance of each task or might 
even be based on the system’s specifications. In this 
example, the designer attributes the greatest impor- 
tance to the task that calculates the change in the 
gyroscope reading. 

The second column in Table 3 simply inverts the 
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TABLE 3—RATE-MONOTONIC ALGORITHM 
EXAMPLE: IMPORTANCE VS PRIORITY 


SAMPLE 
GYROSCOPE 


UPDATE 


numbers in the first column, giving the “most impor- 
tant” task the largest number (4) to indicate that this 
task should have topmost priority to the multitasking 
kernel. A multitasking system based on this set of 
priorities will fail immediately, because the 5.2-msec 
execution time of the highest-priority task (calculation) 
is longer than the execution period required by the 
task that samples the gyroscope. Because the calcula- 
tion task has the highest priority, no other task can 
pre-empt it, and the sampling task won’t be able to 
interrupt it. Therefore, the sampling task will miss 
many of its deadlines while it’s waiting for the calcula- 
tion task to complete, and thus the calculation task 
will often work on inaccurate data. Consequently, this 
set of priorities, based solely on an intuitive under- 
standing of the application, will drastically degrade the 
system’s performance. 

The third column in Table 3 shows the priority num- 
bers that rate-monotonic scheduling assigns to the 
tasks. The task executed with the highest frequency, 
gyroscope sampling, receives the highest priority; the 
“most important” task (calculating the gyroscope 
change) gets only third highest priority. Both the sam- 
pling and position-updating tasks can pre-empt the cal- 
culations. If you wanted to implement this design with 
a cyclic executive, you’d have to write the calculation 
task as several subtasks distributed throughout the 
execution loop, for the same reason that the intuitively 
set priorities won’t work. To meet the frequency re- 
quirements of the sampling task, you can’t allow the 
calculations to take place within a single, uninterrupted 
block of execution time; you must break this task up 
manually, However, a multitasking kernel’s pre-emp- 
tive tasking automatically breaks up the calculation 
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Your multitasking kernel must employ a 
pre-emptive scheduler that allows higher- 
priority tasks to interrupt the execution of 
tasks that have lower priority. 


task by letting higher-priority tasks interrupt the cal- 
culations. This example illustrates how a pre-emptive 
scheduler can ease the job of writing code for real-time, 
multitasking systems. 


Split tasks to juggle priorities 

If you aren’t satisfied with the initial numbers you 
get from rate-monotonic scheduling, you can juggle 
task priorities to bring the system design more into 
line with your expectations. For example, you can 
break one long, infrequently executed task into two 
tasks, giving each of the new subtasks half the execu- 
tion time of the original task. Considered as two parts 
of a single task, each subtask executes twice as often 
as the original task, and the rate-monotonic scheduling 
algorithm therefore assigns to each of them a priority 
that’s higher than that of the original task.. 

Another approach is to write the single, large task 
so that it suspends its operation halfway through its 
work and is then restarted later by the multitasking 
kernel. The suspended operation of the large, high- 
priority task gives other tasks a chance to execute, 
thus preventing hard deadlines from being missed. So, 
if for any reason you disagree with the initial priorities 
that the rate-monotonic scheduling algorithm provides, 
you can change the way your software design works 
and still get equally valid numbers from the technique. 

To illustrate this point, consider a system comprising 
a long task that absolutely must meet a hard deadline 
coexisting with a less critical task that executes more 
frequently. Normally, rate-monotonic scheduling 
would assign a higher priority to the less important 
task because of its higher execution frequency. How- 
ever, you can split the more important task into two 
equal parts and double its frequency. The rate-mono- 
tonic scheduling algorithm now assigns a higher prior- 
ity to this task than to the less critical task. During 
operation, the important task performs half of its duties 
and then terminates. The second time this task runs, 
it finishes the job. Whether the important task is one 
large task or two smaller subtasks, it does the same 
amount of work and uses the same amount of processor 
time. But by splitting up the important task, you give 
the less important but more frequent task a chance to 
run and to meet its deadlines. 

The key point is that real-time systems can’t tolerate 
long, uninterruptible tasks when other time-critical 
tasks need frequent service. Rate-monotonic schedul- 
ing gives you a figure of merit by which to rate your 
proposed software design. If rate-monotonic scheduling 
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assigns a low priority to tasks you consider to be the 
most important, then your critical tasks are too big 
and too slow. Shorten them, rewrite them in a faster 
language (such as assembly code), or split them up 
until you meet your explicit and implicit design goals. 

Finally, in addition to the rate-monotonic scheduling 
theory’s ability to handle unsynchronized, periodic 
tasks, researchers at Carnegie-Mellon’s Software Engi- 
neering Institute have expanded the theory to accom- 
modate aperiodic-task processing and task synchroniza- 
tion. The references provide additional information on 
these extensions. 
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Standard bar-code readers are expensive, 
but you can cut costs sygnificantly and ease 
the design of these devices by combining 
modern A/D converters with a photodide 
array. 


Richard Markell, Linear Technology Corp 


Automated pricing is a fact of life at the check-out 
counters in today’s supermarkets; all it takes to price 
a product is a quick swipe across the bar-code reader. 
Unfortunately, low-cost, dual-slope A/D converters 
can’t run fast enough, so today’s standard bar-code 
readers must use expensive A/D converters. The de- 
sign discussed in this article solves the cost problem 
and facilitates bar-code-reader design by combining a 
half-flash A/D converter with a 256-element, line-scan 
photodiode array. The system’s circuitry adapts to a 
wide range of applications, from low-power, handheld 
bar-code readers to high-resolution, automated, ma- 
chine-inspection applications. 

The LTC1099 A/D converter in the following exam- 
ple features an internal sample/hold amplifier. This am- 
plifier allows the converter to sample the individual 
pixels of the photodiode array at rates that maintain 
8-bit accuracy to 156 kHz. This sample rate is fast 
enough to provide good throughput for machine-vision 
or bar-code scanner applications, and it doesn’t require 
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the use of an expensive flash converter. 

Finding bugs in an A/D-converter-based system is 
never easy, and when you add a photodiode array, 
system-integration problems are even more difficult 
to locate. To simplify matters, you can employ an inex- 
pensive, 12-bit D/A converter, configured to accept 
only 8 bits, as a troubleshooting aide. Once you've 
finalized the system design, you can remove the D/A 
converter. 

Fig 1 shows the schematic for the system. The 
LTC1099 (IC;) is configured in a write-read (WR-RD) 
mode. This configuration allows the system to continu- 
ously output the LTC1099’s 8-bit digital data to the 
MP1208 D/A converter. The amplified D/A signal at 
the output of IC, represents the reconstructed digital 
signal—the analog signal that has been digitized and 
then converted back to analog by the MP1208. This 
output allows you to directly compare the system out- 
put to the output of the photodiode array that you’re 
trying to digitize. 

In Fig 1, the LT'C1099 also drives the 8-bit ~P bus. 
IC;, a junction-F ET-input op amp, converts the current 
output of the MP1208 to an output voltage. IC, ampli- 
fies and limits the bandwidth of this signal and gener- 
ates a 0-to-5V output. IC, develops a 2.5V reference 
level for IC, and ICs. 

To illustrate A/D converter operation, Fig 2a shows 
the write-ready (WRRDY) pulse from the clock cir- 
cuitry (trace A) and the analog output of the photodiode 
array (trace B). The photodiode array outputs 256 volt- 
age pulses; each represents the exposure of an individ- 
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System-integration problems are difficult to 
locate when you include a photodiode array 
in an A/D system. 
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Fig 1—To simplify system troubleshooting tasks, this optical-to-digital converter includes an mexpensive, 12-bit D/A converter (MP1208) 
configured to accept only 8 bits. Once you finalize the design, you can remove the MP 1208. 
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ual photodiode. If you could fabricate a grating that 
consisted of 128 black lines separated by 128 transpar- 
ent spaces and then place this grating over the photodi- 
ode array, using the proper magnification, the output 
pulses would represent alternating full-scale and zero 
analog levels. 

In addition, Fig 2a shows the analog and recon- 
structed digital outputs from a few pixels of the evenly 
illuminated array and also details the timing require- 
ments of the LTC1099 A/D converter. The falling edge 
of the WR/RDY pulse initiates the A/D conversion 
cycle. As the diagram in Fig 2b illustrates, the analog 
input must be stable 130 nsec before the negative tran- 
sition of the WR/RDY pulse. Approximately 110 nsec 
after the falling-edge transition, the internal S/H goes 
to the hold mode, and the analog input is ignored until 
the next conversion. Fig 2a illustrates how the circuit 
of Fig 1 uses this timing cycle to sample the output 
of the photodiode array. 

The RL0256G photodiode array shown in Fig 1 is 
inexpensive, features a differential output for on-chip 
noise cancellation, and is simple to use (because it re- 
quires only a single-phase clock). This device contains 
256 pixels; a row of silicon photodiodes, each of which 
have an associated storage capacitor to integrate pho- 


tocurrent; and a multiplex switch for periodic readout. 
An integrated shift register accomplishes the readout, 
and a TTL clock transfers data from a row of photodi- 
odes to the output pin. The data from a row of dummy 
photodiodes (photodiodes that have an opaque cover- 
ing) transfers simultaneously with the data from the 
active photodiodes to cancel multiplex switching tran- 
sients. When you use this array, you can achieve a 
25-u~m resolution using standard optical techniques. 

Block A of Fig 1 contains a single-phase TTL clock 
and associated driving signals that control the photodi- 
ode array, IC,. The array outputs a train of 256 charge 
pulses for each of the video and dummy-video lines. 
The pulses on the dummy-video line contain only 
switching transients, and the pulses on the video line 
contain the video signal as well as the switching tran- 
sients. IC,, a FET-input op amp, operates as a differen- 
tial current amplifier that outputs a pulse whose peak 
amplitude is scaled to a reasonable voltage level (2.5V 
in this case) for driving the A/D converter. A word of 
caution here—if IC, is more than three inches from 
the photodiode array, you should use a coaxial cable 
to interconnect the two circuits. 

Trace D in Fig 2a illustrates a series of output pulses 
from IC,. Sampling on the flat top of each pulse pro- 


Fig 2—This detailed look at LTC1099 operation (a) shows the ‘WR/RDY pulses from the clock circuitry (trace A), the analog output of the 
photodiode array (trace B), and the analog (trace D) and reconstructed digital outputs (trace C) from a few pixels of the evenly illuminated 
array. As the timing diagram shows (b), the analog input must be stable 130 nsec before the falling edge of the WR/RDY pulse. 
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It’s all in the timing 


Fig A details the timing circuitry / 


of Block A in Fig 1. The simple 
TTL circuitry required to drive 
the array has no unusual charac- 
teristics. | 

IC,o, a crystal oscillator, sup- 


plies the clock signals. Counters 


IC,3, IC,4, and IC,;, combined 


with the DIP switches, set the 


- number of clock pulses between 
_ start pulses to 4096 or any value 


less than that, establishing the in- 


tegration time. The variable low 
_ pass at the input of three sections 


of IC,2 provide a clock-delay capa- 
bility to ensure that all the sig- 


nals occur in the proper sequence. 
A word of caution to those who 
might prototype this circuit: to 


set up the timing signals prop- 


erly, you must obtain a copy of 
the EG&G Reticon data sheet for 
the RL0256G array. 


——( 100 Hz 


TO PIN 6 
LTC1099 


a) 2x CLOCK 


SV TO PIN 16 
RLO256G 
200 kHz 


74HC04 
ICi2B 


RLO256G | 


74HC04 
100 pF ICy2¢ 


RESET 
O TO PIN 10 
RLO256 


IE 


1N914 


—10V 


Fig A—Simplicity is the key feature for the photodiode-array driving circuitry. A erystal oscillator (IC o) provides the clock pulses, 
and the counters (IC 1;, IC1,, and IC;;) set the number of clock pulses between start pulses. 
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Youll often use baseline correction when 
you work with photodtide arrays. 


vides an accurate analog signal for the A/D converter. 
Trace C in Fig 2a shows the test output—the recon- 
structed analog signal through the A/D-D/A chain. Al- 
though this output is delayed by one clock pulse, it 
nicely follows the signal peaks’ profile of the analog 
photodiode pulses. 

You can easily interface the A/D converter to a pP, 
and the converter’s speed makes it easy to use baseline 
correction. Baseline correction, a technique in which 
the baseline (or dark) value of each photodiode is stored 
in memory, is very useful for photodiode arrays. At 
power-on, the dark value of each photodiode, totaling 
256 individual 8-bit values, is stored in memory. This 
technique provides a greater dynamic range than 
would be available by simply using an average of all 
the photodiodes’ dark values. The A/D converter’s 156- 
kHz, maximum sampling rate allows a wP to perform 
baseline correction rapidly with little system overhead. 


A look at system response 


As noted earlier, the clock circuitry in block A of Fig 
1 drives the photodiode array. The D/A converter, 
IC,, and op amps IC, and IC, provide a digitally recon- 
structed analog output, which should closely resemble 
the analog pulse amplitudes at the output of IC. 

Fig 3 shows the system response when an optical 
grating is placed directly on the glass window that 
covers the photodiode array. In both scope photos, the 
bottom trace is the analog output from op amp IC,, 
and the top trace is the output of IC,. The line widths, 
which appear as notches in the traces in Fig 3a, meas- 
ure (from left to right) 400, 350, 300, 250, and 200 pm. 
Fig 3b shows (from left to right) the system response 
to line widths of 200, 150, 100, 90, and 80 wm. 

Designers must take the photodiode’s integration 
time into consideration. Integration time is analogous 
to the shutter speed of a film camera. The longer you 
keep the shutter open, the more light you'll collect on 
the film and hence, the darker the film. The integration 
time for the array in Fig 1 is approximately 6.4 msec. 
You can vary this parameter by varying the settings 
of the DIP switches connected to IC,3, ICy4, and IC,; 
(part of the circuitry in block A of Fig 1). In the system 
under discussion, keep the integration times under 40 
msec at room temperature to prevent integrated dark 
current (leakage current in a nonilluminated photodi- 
ode) from contributing significantly to the output 
charge. For astronomical applications, you can cool the 
photodiode. Cooling decreases diode dark current and 
allows you to increase the integration time. 

The circuit shown in Fig 1 easily reads 80-~m line 
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Fig 3—System optical resolution is determined by placing a grating 
directly on the photodiode array’s glass window. As the bottom trace 
in both photos illustrates, the system readily handles (a) 400-to-200- 
wm or (b) 200-to-80-wm line widths. 


widths without having to use an optical system. Any- 
one with a well-designed, diffraction-limited optical 
system should be able to resolve 25-~m line widths 
without resorting to optical magnification. Of course, 
optical systems that utilize magnification can resolve 
smaller features at the expense of the field of view. 
The semiconductor industry, in which 1-ym line-width 


resolution is common, usually employs such systems. 


Author’s biography 

Richard Markell is the applications 
manager at Linear Technology Corp 
(Milpitas, CA). He has a BA in electro- 
optics from San Jose State University 
and has worked in the electro-optics 
field for Litton Applied Technology and 
GTE Government Systems. Before join- 
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in analog design at EG&G Reticon and 
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audio systems, gardening, cross-coun- 
try skiing, and hiking. 
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e smallest full-featured 
efibrillator in the field. 


Defibrillators come in many sizes. But when paramedics 
rush them into the field, the smaller the better. This calls for 
batteries that do their job ina minimum of space, weight 
and time. Which is exactly what rechargeable batteries 
from Gates Energy Products do in the new Physio-Control 
LIFEPAK* 10 defibrillator/monitor—the smallest full- 
featured portable defibrillator in the world. 

Gates does it with three custom-designed nickel- 
cadmium battery packs. Theyre lightweight, fast-charging 
and conveniently interchangeable with batteries in other 
Physio-Control units. 
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Gates batteries have helped power Physio-Control mec 
ical products for more than a decade. That's because, at 
Gates, we believe in longterm relationships. So, whether 
you're developing a new product or trying to improve ar 
existing one, we can help you like nobody else. 

For starters, nobody else in the business can match our 
technical and applications engineering support. This 
means one-of-a-kind configurations in less time than you 
ever thought possible, as a result of our new CARRD com- 
puter design system. Customized packaging of any size, 
shape and color. And, as part of our Advanced Technology 
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The power 
that helped it get there. 


Qualification Program (ATQP™), advanced new product 


development to meet specific customer needs. 

Of course, service and support are just part of the story. 
In the end, it comes down to the cells themselves. And, at 
Gates, we offer a full line of standard and custom-designed 
rechargeable batteries—including not just nickel-cadmium 
but also sealed-lead and nickel-hydrogen. All of which 
offer you unsurpassed power delivery in a multitude of cell 
‘sizes. With batteries ranging from 0.065 amp-hours to 
a whopping 25. 

And you getall of this no matter where you happen to 
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be, because our assembly and packaging facilities are 
located throughout the world. And there’s equal support 
for smaller quantity needs, thanks to our strategically 
located Value-Added Centers. 

Great ideas deserve to become great products. And 
great products deserve to become even greater. Give us a 
chance to show you why we’re the company idea people 
turn to most. Call us at 
1-800-627-1700. And 


LEP Energy 
Sige Products 


experience the power 
of your great idea. 


The power of great ideas.” 
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, ea Very Unu sual 
Little Recorder. — 


Tad 
1 Bem ee | UMM 
s E 35 tes & 
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Givers Scanning’s Seema Miran Til on 
AR-42, designed to output instru- Ses, 

e e Mea oN se Me, 

ment datainalmostanyform,isa “42.2%, 


Very Unusual Thermal Array Recorder. 
Not for just one reason, but for FIVE. 
e The smallest, lightest recorder of its kind on the 


market (< 30 in), with very low power consumption 
— ideal for field or fixed location use. 


e It is extraordinarily versatile — prints up to 3 


concurrent waveforms, graphics, real-time annota- 


tion, user-defined background grids, and alpha- 


numeric text (vertical or horizontal) using ASCII é 
IBM international character sets. 
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Write or call for compet et tail 


CIRC eno a _ —. _ _ 


e It produces the highest print res- 
olution in the industry (200 x 800 dpi). 

e When installed in a host instrument, it is_ 
environmentally tight, resisting infiltration 

by dirt, blowing sand, water droplets, etc. 
¢ Itis surprisingly easy to integrate into almost any 

instrument needing reliable, high-definition output. 
It mounts from the front of the panel, accepts data in 
any of 4 formats, and has on-board hardware/software 
for developing and debugging the host interface. 


Allthings considered, the AR-42 offers, by far, 


the best value (the high est performance/cost 


: ratio) of any recorder c ont ne market today. 


Design Feature 


Current-feedback 
Op amps extend high- 


frequency performance 


A RE A SE EN A A NE NN a IO 


Op amps that use current-feedback topology 
offer significantly higher gain-bandwidth 
and slew-rate performance than do conven- 
tional op-amp designs. Umque to the cur- 
vent-feedback design 1s its relatiwely con- 
stant bandwidth over a wide range of 
closed-loop gain. 


James Wong, Precision Monolithics Inc 


Compared with conventional op amps, which use volt- 
age feedback, current-feedback amplifiers exhibit more 
constant bandwidth characteristics as a function of 
variations in closed-loop gain. Such characteristics are 
useful in applications such as automatic gain control, 
where it’s desirable to preserve the useful bandwidth 
of the circuit as the gain varies over a wide dynamic 
range. You can also use these gain-bandwidth charac- 
teristics to design amplifiers that exhibit substantial 
gain and negligible phase error over a moderately wide 
bandwidth. 

One example of the new generation of current-feed- 
back op amps is the OP-260. This dual op amp has a 
quiescent current of 5.5 mA per amplifier. Many con- 
ventional wide-bandwidth op amps operate as high as 
20 mA. The op amp’s low power consumption enables 
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encapsulation in an 8-pin mini-DIP or a small outline 
(SO) package. 

Based on a transimpedance configuration, the OP- 
260 operates differently than a conventional voltage- 
gain amplifier. Fig 1 illustrates the differences between 
the two types of op amps. A conventional op amp (Fig 
la) amplifies the differential voltage across the two 
inputs. The circuit closes the feedback loop by forcing 
the output signal that’s fed back through R, and R, 
to equalize the two inputs. 

Unlike the conventional op amp, whose two inputs 
have a high impedance, the current-feedback design 
(Fig 1b) has an input stage that consists of a unity- 
gain-voltage buffer amplifier. Only this noninverting 
input has a high impedance. The inverting input is 
actually a low-impedance output port, through which 
moderately high current can flow in or out. Following 
the input stage is a transimpedance stage that converts 
the buffer’s output current to a linearly proportional 
output voltage. 

The current-feedback loop works in the following 
manner: As the noninverting input voltage increases 
in the positive direction, the inverting input voltage 
follows. The buffer must source current through R,, 
which causes the output voltage of the transimpedance 
stage to rise until its current, which feeds back to the 
input through R,, equalizes the current through k,, 
thus replacing the buffer’s output current. Under 
steady-state conditions, only a minute amount of 
buffer-output current needs to flow in order to sustain 
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Current-feedback op amps are based on a 
transimpedance configuration that resem- 
bles a current-controlled voltage source. 


an output voltage, which is determined by the divider 
resistors. Obviously, the ratio of 1+(R,/R,) determines 
the circuit’s gain-—much like a conventional op amp. 
Similarly, in the case of an inverting amplifier, the 
same resistor ratio sets the gain. . 


Op amp is designed for a high slew rate 

Fig 2 shows the basic schematic for the three-stage 
OP-260 op amp. A unity-gain, emitter-follower ampli- 
fier comprises the input stage. The emitters of Q, and 
Q, form a class AB output stage for the buffer, which 
can source or sink current. The buffer’s output current 
is sensed by both the top current mirror (Q,, Qs, and 
Qio) and the bottom current mirror (Qs, Q;;, and Q,)). 
For example, when the buffer’s output sources current 
to a load, current flows out of the —IN pin and Q,’s 
collector current increases. Thus, the buffer mirrors 
more current through Q», and Q,;, which increases the 
base drive to output transistor Q,,. 

Conversely, increasing current in Q, drives Qi3 
harder, robbing base drive from the complementary 
output transistor (Qs). This push-pull action ensures 


a rapid slew in the output voltage. For a small step 


rise, the amplifier’s slew rate depends largely on the 


INPUT STAGE 


. CURRENT-FEEDBACK OP AMP 


Fig 1—A conventional op amp (a) is a voltage-controlled voltage 
source. By contrast, the current-feedback op amp (b) resembles a 
current-controlled voltage source. 


TRANSIMPEDANCE 
STAGE 


OUTPUT 
STAGE 


Fig 2—This simplified schematic of the OP-260 op amp shows the input stage, the transimpedance stage, and the output stage. The 


_ equivalent block diagram is shown to the left. 
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available current from the two current sources that 
drive the bases of Q; and Q,. To increase the slew rate, 
especially during a large input step, Q, and Q) are 
added to boost the base-drive current for Q; and Q,. 
Consequently, at a closed-loop gain less than 10, a large 
input step will turn on Q, or Q,, thus supplying the 
base-drive current needed to attain a higher slew rate. 

Besides using matched current sources, the OP-260 
uses vertical pnp transistors instead of the more con- 
ventional lateral pnp devices. A vertical geometry ex- 
tends the f, of the pnp transistors from 2 MHz to over 
120 MHz. Thus the pnp transistors’ bandwidth nearly 
matches that of the npn transistors, resulting in an 
amplifier with an equivalent full-power bandwidth of 
over 1 MHz. 


Bandwidth preservation is important 


The op amp’s current-feedback design ensures that 
its bandwidth remains relatively constant as a function 
of the closed-loop gain. Unlike conventional voltage- 
gain op amps, whose bandwidth decreases as the gain 
increases, a current-feedback amplifier’s gain-band- 
width product increases at higher gains. Fig 3 shows 
the frequency response of the OP-260 at various closed- 
loop gains. Note that the frequency-response curves 
apply for a fixed feedback resistance of 2.5 kO. Because 


oO 
= 
Z 
< 
© 


Fig 3—-These curves show the frequency response of the OP-260 
when connected in three different closed-loop gain configurations. 
In all three cases, the circuit used a 2.5-kQ feedback resistor and a 
100Q, load. Note that the frequency roll-off curves do not follow the 
asymptotic roll. “off characteristic of a conventional op amp. 
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the OP-260’s frequency response depends primarily on 
the value of the feedback resistor, holding the value 
constant tends to hold the ~—3-dB frequency point 
within a range of closed-loop gain. 

Using the Fig 4 model, you can estimate the fre- 
quency response of the current-feedbaek amplifier. 
Here, the amplifier’s frequency response is heavily de- 
pendent on the value of R,. The circuit models a real 
but low-value output resistance (Ryyy) at the inverting 
input of the amplifier (the output of the buffer ampli- 
fier). The nodal equations for V, and V, are 


Vin( Ry Rinyt+ Vo _ 


te” T4+(R/R)+ (Ra Ri) 


as 
Nar (14+(isRy rom 
where 
oO Nan V i ( nS ) Ve 
ak eee eae ee 
Therefore 
ae =1(; Viy(R2/Riny) + Vo | Va te) #2 | 
‘ 1+(RJR, )+(Ro/Rixy) By R, Rs 
(satan) 
1 + (s: Re Co) 


Fig 4—A simple model of a current-feedback amplifier illustrates 
several important components. Shown are the small-signal transre- 
sistance (Rr). the internal compensation capacitance (Cc), the input- 
buffers output resistance (Riyv), and the feedback network (R, and 
R,). 
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A unique feature of the current-feedback 

design is that tts bandwidth remains rela- 
tively constant as a function of the closed- 
loop gain. 


Fig 5—AGC amplifiers take advantage of 
the wide gain range of a current-feedback 
amplifier and its ability to preserve the cir- 
cuit’s bandwidth. 


If Ry is >>R, and Ryyy, the transfer function simplifies 
to 


Mer lt ep 
Vin vk 1+s[R,+(1+R/R)RywyICc 


The importance of the last equation lies in the fact 
that the complex frequency variable (f,) operates pre- 
dominately on R,. For example, at unity gain, where 
R, is infinite, R, determines the —3-dB frequency. 
Notice that as the gain increases to 10 (1 + (R,/R,) = 109), 
the —3-dB frequency is determined by R, plus a small 
value equal to Ryyy (typically 1000), multiplied by the 
gain factor of 10. Though small, Ryyy is not negligible, 
and the —3-dB bandwidth degrades approximately 
30%. Nevertheless, the —3-dB bandwidth is still sig- 
nificantly better than that of a conventional op amp, 
which degrades by a factor of 10. 

As the gain increases beyond a factor of 10, the 
multiplying effect on R;yy becomes increasingly domi- 
nant and, as seen in Fig 3, the bandwidth falls off 
rapidly. Again, the bandwidth is still superior to that 
of a conventional op amp. 


Minimize stray capacitance at the input 

Because of the wide bandwidth of the OP-260, para- 
sitic input capacitance can easily destroy the amp’s 
stability. Even though the inverting input has a very 
low impedance, it behaves as the summing node for 
the feedback. Consequently, any capacitance present 
at this node, whether by design or parasitic, will intro- 
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duce phase lag in the circuit. As a result, the amplifier 
will tend to have frequency peaks, which can create 
overshoot and ringing when the loop is closed. There- 
fore, it is very important to keep the pe-board traces 
at the amplifier’s inverting input as short as possible 
to avoid picking up stray capacitance. 


AGC amplifier design 


One of the shortcomings of using conventional op 
amps in an automatic-gain-control (AGC) amplifier is 
that its bandwidth drops off rapidly as gain increases, 
thus limiting the useful bandwidth of many such de- 
signs. However, by using a current-feedback op amp, 
you can preserve much of the available bandwidth. 
The simple AGC amplifier design of Fig 5 consists of 
several stages. The output of amplifier IC,,, which is 
used as the gain stage, is rectified by the second ampli- 
fier, IC,p. If the output voltage swings more negative, 
diode D, becomes forward biased and D, becomes re- 
verse biased, thus closing the loop on amplifier IC,p. 
A positive voltage appears at the anode of D,. Con- 
versely, if the output voltage swings positive, D, be- 
comes reverse biased and D, becomes forward biased, 
thus keeping the loop closed on IC,p, preventing the 
amplifier from saturating to the negative rail. The re- 
sult is an accurate positive rectification of the output 
signal. 

The output is then compared with a reference cur- 
rent set up by the 604-kO resistor and the — 15V sup- 
ply. The output of the error amplifier, IC,, drives the 
FET (Q,) to whatever level is necessary to achieve a 


EDN October 26, 1989 


GOODBYE 


WORKSTATION 


It’s time to 


say goodbye 


to expensive engineering workstation 
based CAD systems. Why should 
management tie up $100,000.00 or 
more in a workstation when the 
same (and often better) performance 
is obtained with PADS-PCB, a PC 
based CAD system? 


PADS-PCB is a high performance 
printed circuit board design software 
that offers a degree of functionality a 
designer could expect only from an 
expensive engineering workstation. 


Powerful auto/interactive features 
are a part of what makes PADS-PCB 


the best selling CAD system on the 
market: 


HELLO 
PADS-PCB 


e 1 mil database-32"x32” board size- 
30 layers 

e Large circuit capabilites: In excess 
of 400 equivalent 14 pin IC’s 

e Automatic and interactive compo- 
nent placement aids 

e Automatic and interactive track 
routing 

e Automatic design 
rule checking 

e Superior Surface 
Mounted Device 
capability 

e One, two, and 
three track 
capability 
between IC Pins 

e Superb analog __* 
design capability 

e Inputs from Futurenet, Orcad, — 
Schema, PADS-CAE and others 
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¢ 100% routing with PADS-Super- 
Router, the only rip-up and reroute 
router on a personal computer 


CAD Software asks you to try its 
Evaluation Package, at no charge, so 
you can see for yourself how PADS- 
PCB puts an end to those work- 
station blues. We offer a 30 day 
money back guarantee. 
Call our Sales 
Hotline today at 
(800) 255-7814; 
in Massachusetts, 
(508) 486-8929. 


119 Russell Street 


Suite #6 
Littleton, MA 01460 


Software, Inc. 


Because of the wide bandwidth of a current- 
feedback op amp, you need to keep parasitic 
capacitances at a mintmum—particularly 
at the inverting imput. 


zero voltage at IC,’s inverting input. If there is an 
insufficient signal, the error amplifier detects an imbal- 
ance. The imbalance causes the error amplifier to pro- 
vide a more positive drive, which turns Q, on harder, 
reducing its resistance and increasing the circuit gain. 
These actions establish the AGC loop, which maintains 
a relatively constant peak-output amplitude within an 
input-signal range of +20 mV p-p to +6 V p-p. 

Because the OP-260 is a dual op amp, designing an 
amplifier that has ultra-low phase error over a wide 
frequency range is significantly easier than when using 
single devices. The technique relies on the matched- 
frequency characteristics of the two monolithic amplifi- 
ers to cancel each other’s poles and zeros. The circuit 
shown in Fig 6 uses such a technique. Notice that the 
resistor-feedback networks for each amplifier are iden- 
tical, and are both set for a gain of 100. 

Having identical gain, the matched op amps have 
essentially the same frequency response. With one am- 
plifier in the other’s feedback loop, a pole in the feed- 
back becomes a zero. And, because the pole and the 
zero are at the same frequency, they cancel each other 
exactly. The result is exceptionally low phase error. 
Notice in Fig 7 that at a gain of 100, the low-phase- 


Fig 6—An active-feedback circuit provides cancellation of the domi- 
nant poles, which significantly reduces the circuit’s phase shift. 
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Fig 7—This plot shows the phase response of the low-phase-error 
amplifier of Fig 8 compared to that of a single amplifier. Note that 
there is less than 1° of phase error over a 1-MHz bandundth. 


error amplifier exhibits less than 1° of phase shift over 
a frequency range that extends to over 1 MHz. Such 
performance is equivalent to a conventional amplifier 
with a gain-bandwidth product of more than 1 GHz. 
The capability that current-feedback op amps offer 
for high-speed performance holds great promise for 
many applications which, heretofore, were restricted 
to less cost-effective designs. | =DN 
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We've made some 


big changes nour 


customer service. 


This year, we're more committed than ever to serving you. 
Weve added more customer service people to work closely with 
your local Hoffman distributor. We've also integrated all ordering, 
production and delivery functions into a single, efficient, computer- 
controlled system. And our “Total Quality” program will assure 
total reliability. We've made other important changes, too. They're 
in our new brochure. For your copy, brief product information 
and a distributor listing, just drop us a line. 


me : 
| ENGINEERING COMPANY 


900 Ehlen Drive Anoka, MN 55303 
Circle 98 for Sales Assistance : Phone: (612) 421-2240 | Circle 99 for Information 
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Reaching Perfection 


People Pursuing Perfection. 
, At Galileo, perfection goes beyond 
excellence. It is a state of mind. 
Galileo’s 100% product test policy 
proves it. Since 1973 Galileo has 

- demanded the commitment necessary 
to reach perfection. This commitment 
has resulted in widespread use of 
Galileo electro-optic products in 
military, medical, space science, 
scientific, and consumer applications. 


People. Integrity. Innovation. 
Galileo is reaching perfection in: 
‘Fused Fiberoptic Faceplates. 

Tapers and Inverters 

Imagescopes and Lightguides 
Corona-Generating Devices 
Microchannel Plates 

Scientific Detector Systems 
Channeltron® Electron Multipliers 


- Write or call us. Find out how Galileo’s 
fiberoptic technology will help your 
application reach perfection. 


Galileo Fiscire: Optics Corp. 


. Galileo components aboard the Voyager spacecraft 3 oe P.O. Box 550 
continue to function properly after twelve years in space. | | Sturbridge, MA 01566 
Galileo electro-optic components provide superior Pah (within MA) 508-347-9191 


- performance in extreme environments. 


oo GD 
GALILEO 


Galileo Electro-Optics Corp. 
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AT&I’s testing services provide 
comprehensive laboratory 


services and product evaluations, 


so you get the precise test data, 
reports and analysis you need. 


Whether you re designing a product 
or manufacturing it, you need guaran- 
tees it can stand up to customer 
demands. 

Which means you need accurate 
testing, as well as test data that’s totally 
dependable. 

Exactly what you'll get from AT&T's 
testing services. 

In fact, they re the same services that 
continually place our own products at 
the top of the industry. 

Our test site facility contains over 
3,000 pieces of test equipment. All 
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continually calibrated, certified and 
updated to assure accurate test data, 
reports and analysis. 

Our extensive laboratory services 
include acoustics, chemical, environ- 
mental, electronic, and more. 

Over 200 engineers specialize in spe- 
cific product categories, and our in- 
house design groups develop and build 
custom test fixtures and automated test 
systems. 

All to assure your product's perform- 
ance—as well as your position—in the 
marketplace. 

Put quality to work. 

For more on how AT&T's Quality Man- 
agement and Engineering Services will 
put your product to the test, call our 
sales office at 1 800 521-3399, or in NJ, 
201 851-3333. 


©1989 AT&T 
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How to 
avoid heart failure 


Atthe heart of every electronic system is the power supply. 
If it fails, everything fails. But, just as with people, a 
reliable heart means longer life, underlining the import- 
ance of choosing your power 
supply with care. 


Fortunately, electronic heart fail- 
ure can be virtually eliminated 
with Ericsson power supplies. 


One of the first manufacturers of commercial power units 
to publish reliability figures, Ericsson leads the field in 
long life, flexible power modules for every application. 


Take thick film dce/de converters. Available in PKC (15-18 
Watt) and PKA (25-40 Watt) versions, they have an 
MTBE of over 200 years at 45°C, yet are compact, have 
integral RFI suppression and will operate from —45 to 
+ 85°C ambient without derating. 
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If you need ac/dc switchers, take a look at the 60 and 100 
Watt PLB series. Using flyback technology to minimize 
size and component count, they have a 300,000 hour 

MTBF and meet international 


And even if none of these units 


EF Tall [2) Owe ir TM specifications for RFI and safety. 


The Reliable Source— 


meet your requirements, Ericsson 
can design a high reliability custom unit to order. 


Avoid heart failure in your product with power supplies 
from Ericsson, the reliable source. 


Ericsson Components, Inc 

PO. Box 853904, Richardson, Texas 75085-3904 
Tel: (214) 480-8300 

Telex: 735389 ERICS RCHN 

Fax: (214) 680-1059 


Ericsson Components AB 

Power Products, S-164 81 Kista-Stockholm, Sweden 
Tel: +46 8757 4011 

Telex: 10948 POWERI S 

Fax: +468 757 4884 
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Design Considerations for RS-232 Interfaces 


Sean Gold 
Introduction 


When designing an RS-232 interface, it is necessary to con- 
form to standards published by the Electronics Industry 
Association, EIA RS-23228. Some key specifications are 
summarized in Table 1. However, the EIA specifications are 
often just the beginning of the design. Practical problems 
such as generating RS-232 signal levels, providing sufficient 
load drive, and ensuring protection against fault conditions 
must also be considered. 


Table 1. Key RS-232 Transceiver Specifications (EIA RS232C.V28) 


SPECIFICATION 
Signal Levels 


+15 Max; +5 Min 


Cable Length 50 Max Ft 
Load Capacitance 2500 Max pF 
Cable Termination 3k<R<7k 0) 
Data Rate 20k Max Baud 
Slew Rate 3<SR<30 Vius 
Fault Conditions Drivers Must Tolerate: 


* Conductor to Conductor 
Shorts 


* Line Open Circuit 
* +25V Line Overvoltage 


Power Supply Generators 


Creating the separate RS-232 voltage levels is a common 
problem in systems which have only a 5V logic supply. Linear 
Technology has developed a family of transceivers that in- 
clude an on-chip charge pump to generate the RS-232 sup- 
plies. These transceivers are available in a wide variety of 
configurations incorporating up to 5 drivers and 5 receivers. 
Some transceivers have a SHUTDOWN control which turns 
off the charge pump and places the drivers in a “zero” 
power—high impedance state. 


The charge pump consists of a relaxation oscillator, a capaci- 
tive voltage doubler, and a capacitive voltage inverter. The os- 
cillator is designed to operate at a frequency well above the 
signal frequencies to avoid supply degradation as charge is 
rapidly removed from the storage capacitors. 


The LT1180/LT1181’s charge pump oscillator operates at ap- 
proximately 200kHz, which is two times the frequency of the 
LT1080 and LT1130 series transceivers. The faster oscillator 
permits the use of low value capacitors (C>0.1yF), and 
shortens the turn-on time from power off or SHUTDOWN 
State to less than 200us. The LT1080 and LT1130 start up in 
approximately 2ms. 


Load Driving 


It is often desirable to exceed the 20kHz data rate or drive 
loads greater than 2500pF, e.g. long cables. Slew rate control 
in the drivers makes this objective possible without compro- 
mising the remaining specifications. When lightly loaded, the 
slew rate is set by an internal bias current and compensation 
capacitor. When heavily loaded, slew rate is limited by the 
output stage short circuit current and the load capacitance. 
The plot in Figure 1 shows the maximum load capacitance 
for a given data rate. 


AXIMUM LOAD CAPACITANCE pF (THOUSANDS) 
Pe 
Z 
i 


ee ee Ge ee ee Se 
Se Se ee 


20 40 60 80 100 
FREQUENCY (kHz) 


Figure 1. Max Load Capacitance vs Data Rate. Both Transceivers Use 
1.0,F Storage Capacitors. 
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NOTE 1: REPEAT THE OPTOCOUPLER CONNECTIONS FOR EACH LINE. 

NOTE 2: SELECT FOR 10mA THROUGH LED 
*FOR IMPROVED EFFICIENCY, REPLACE THE 3.6k22 RESISTOR WITH A 30V ZENER DIODE 
TINCREASE COLLECTOR RESISTANCE WHEN USING OPTOCOUPLERS WITH 

LOWER CURRENT TRANSFER RATIO. 
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RS232 Receiver Signals 


Figure 2. 2500V Isolated 5-Driver/5-Receiver RS232 Transceiver 


Fault Conditions 


In addition to protecting against all of the fault conditions de- 
scribed in Table 1, LTC transceivers are guaranteed for 
latchup free operation. When the drivers are turned off or 
SHUTDOWN, the output stage becomes a high impedance; 
even when the output is pulled beyond the supply rails. The 
small current produced by overvoltage is not directed back 
into the supplies. High impedance on the driver outputs also 
eliminates signal feedthrough between the logic inputs and 
the RS-232 lines. 


When the device is turned on, overvoltage can, at most, pull 
the limited short circuit current from the supplies. The re- 
ceivers are also short circuit current limited to prevent dam- 
age to unprotected logic circuitry. 


Isolated Transceiver 


The most frequent cause of failure in interface chips is expo- 
sure to extreme fault conditions. Protection against large 
differences in ground potential, high ground loop currents, 
or accidental high voltage connections mandates a fully 
isolated transceiver. 


The circuit in Figure 2 provides 2500V isolation with optically 
coupled data lines and an isolated 5V supply. A powered 


transceiver eliminates the need for three supplies on both 
sides of the isolation transformer. High speed 6N136 opto- 
couplers permit the LT 1130 to operate at its full 100kHz band- 
width. However, slower, less expensive optoisolators, such as 
the 4N28, may be used when the data rate is less than 20k 
baud. The 5V power supply is generated with an isolated 
LT1072 switching regulator. The LT1072 has no electrical con- 
nection to the load; instead, the circuit derives its feedback 
from the transformers flyback voltage. This technique is of- 
ten referred to as an isolated flyback regulator’. The regula- 
tor needs to deliver only modest current levels (200mA max), 
allowing a physically small isolation transformer. The circuit 
accepts 3.5V to 15V unregulated inputs which are readily 
available in most systems. Load regulation is 5% over a 
200mA range of output current (60mA-250mA), and efficiency 
reaches 60% under maximum load conditions. Efficiency 
may be improved by 10% if the 3.6kQ snubber resistor is re- 
placed with a 30V Zener diode. Q1 provides shutdown 
control, which disables the interface to a low power state. 


Note 1: Refer to Linear Technology's Application Note 19, pp. 30-34. 


For literature on RS-232 products, call (800) 637-5545. 
For applications help, call (408) 432-1900, Ext. 453. 


Linear Technology Corporation 
1630 McCarthy Bivd., Milpitas, CA 95035-7487 © (408) 432-1900 
FAX: (408) 434-0507 © TELEX: 499-3977 
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For those who need large A NEW 26K the most demanding  require- 
servings of 256K SRAMs, the ‘ment, and at competitive prices. 
Selection until now has been some- ' AST SR AM Just what you'd expect from the 
what limited. The new INMOS 256K largest fast.SRAM supplier outside 


range extends the menu. 

The IMS1820 @4K x 4 device is 
available now with an access 
time of Ons. From Q1 1990 
25ns devices will also be available along with the 
IMS1800, our 256K x 1 SRAM. Due to invest- 
ment in new production facilities INMOS is able to 
Supply these devices in quantities to support even 


SGS-THOMSO 


IS NOW 
ON THE MENU. oo ooo Sse 


Japan.* These 256K devices join our 
extensive range of 4K, 16K and 64K fast 
SRAMs, all of which are pro- 


by Europe’s leading SRAM manufacturer. For a 
copy of our Memory Databook or, of course, a 
quote, contact your SGS-THOMSON Microelec- 
tronics office. 


*Source: Dataquest 


N 
MICROELECTRONICS. INMOS is amember of the SGS-THOMSON Microelectronics Group SGS-THOMSON Microelectronics Inc., France Tel: (1) 47 40 75 75 
Germany Tel: (089) 46 00 60 - U.K.Tel: (0628) 890 800 - Italy Tel: (02) 892 131 - USA Tel: (602) 867-6259 ‘Singapore Tel: (65) 482 14 11 -Japan Tel: (03) 280 4125 
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: Microsoft® MASM" & C-compiler support! 


§ = 
8052AH 
ROC S52 
Sus2BH 
S=CS2 
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Start with source level debugging in C 
and assembly. Add a 4K deep trace, power- 
ful performance analyzer; other attributes, 
and you have EZ-Pro™, the most versatile 
microprocessor development system in the 
world. It also features breakpoints for hard- 
ooo ware addresses, logic probes, address ranges, 
\ conditional X before Y before Z, trace 

== : : on/off, plus software breaks and counts. 


EZ-PRO Saeeae bi hahaa Obey etapa d raNlA earn dk Ba arie 
6303R/03V1/03X/03Y/03Y0....6309/09E.. . .6502/ 4/05 7/10/12/13/14 . 

IBM® XT, AT, PS/2 and Sun Microsystems™ 
host EZ-Pro development systems. 


6800/02/08. . .6801/01U4/68701/68701U4/03/03U4. . .68HCO5C4/C8/D2/P1. . .6805 ASIC 
1468HCO5E2/E3. . .6809/B09/09E. . .68HC11A0/A1/A8/E1/E2/E9. . .68000/68008/68010 
8035/39/C39/40/48/8748/49/8749/C49/50..... 8051/51AH/C51/C51BH/C51FA (800252) 
8751/51H/51BH/C51. .8052/52AH/C52/52BH/C52T2. .87C52/52BH. .8031/31AH/C31/C31BH 
8032/32AH/C32/32BH/C32T2. . .80C154/83C154/85C 154. . .8344/44AH. . .8053AH/8753H 
80515/535. . .80C152JA/C152JB/C152JC/C152JUD. ..80C0321...80C451.. .80C552 
80C325....80C452... .80C652.. . .8085/8085AH-2/80C85. . . .8086/80C867. . .8088/80C88 
8096/97/8396/8397/8098/80C196. . .8X300/305. . .NSC800. . .V20/30. . .Z80A/Z80B/Z80H 
80186/80C186 (16 MHz). . .80188/80C188 (16 MHz). . .Z180 and more. 


EZ-Pro will handle your project, or return 
it within 10 days under our zero risk 
Suitability Warranty. 


You may take advantage of the EZ-Pro equity 
rental plan or make a standard purchase. 
Either way, we are ready to ship most 
systems today. 


Your call will expedite prices and specifica- 
tions. Or write: Customer Service, 2651 Dow 
Avenue, Tustin, CA 92680-7207. 


EZ-DEMO 89.1 


american _ Type "INSTALL" to instg 


51 Dow Avenue, Tustin CA 92680 Tel.: (714)731-1661 FAX: (714 


enclosed software is the property 


of American Automatigl 
| conditions of use, refer { : 


SY: 
BOLIC 
COUPON 


Instant Information: 
Please expedite EZ-Demo 
disk—Interactive. Tutorial. 
Plus... 

| Specifications ] Prices 


(714) 731-1661 
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JA american automation 


EZ-Pro is a trademark of American Automation Inc. IBM & PS/2 are registered 
trademarks of International Business Machines Corporation. XT & AT are 
trademarks of International Business Machines Corporation. Sun Microsystems 
is a trademark of Sun Microsystems, Inc. Microsoft is a registered trademark of 
Microsoft Inc. MASM is a trademark of Microsoft Inc. 
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EDITED BY CHARLES H SMALL 


DSP-pP routine computes magnitude 


Amarnath Palacherla 
Microchip Technology, Chandler, AZ 


The 320C10 DSP pP program in Listing 1 computes 
the magnitude of a complex number, X+jY. Finding 
the sum of the squares of the real (X) and imaginary 
(Y) parts of a complex number is no problem with a 
320C10 because the IC performs a multiplication in 
one instruction cycle (122 nsec at 32.8 MHz). 

But finding the square root of the sum of the squares 
is not trivial. If you use common iterative methods, 
such as the Newton-Raphson method, the 320C10 will 
take 350 or more clock cycles for this calculation (42 
WWSeC). 

The method embodied in the listing takes only about 
30 clock cycles (3.7 sec) and uses the following ap- 
proximation: | 


Z = V(X? + Y*) = MAX (X,Y) + K*MIN (X,Y). 


The MAX(X, Y) function examines the real and imagi- 
nary parts of a complex number and selects the part 
having the largest absolute value. MIN(X, Y) similarly 
looks for the absolute minimum part of each complex 
number in your sample set. You can choose any value 
for the constant K between 0.25 and 0.31. Recom- 
mended values for K are 0.267304 for exact extimated 
mean, and 0.300585 for minimum variance. 

Fig 1 graphs the percentage error between the ac- 
tual value of the complex number’s magnitude and the 
algorithm’s estimate for phase angles in the first oc- 
tant. Note that the maximum error is about 11% for 
K=0.267304, but the mean error is 0. The second rou- 
tine in Listing 1 modifies the algorithm slightly to 
lessen the estimate’s error for phase angles greater 
than 41°. In pseudocode, the modified algorithm is 


K=0.267304 


K=0.300585 


BS 
o 
a 
ui 


MODIFIED (K=0.267304) 


PHASE ANGLE (DEGREE) 


Fig 1—This plot graphs the percentage error between the actual 
magnitude of a complex number and the approximating algorithm’s 
estimate of the magnitude against the phase angle of the complex 
number over just the first octant. The graph does not show that for 
K =0.2867304, the mean error equals zero. 


xl = MAX [ ABS(x), ABS(y) J; 

yl = MIN [ ABS(x), ABS(y) J; 

IF (xl == yl ) THEN Z = SQRT(2)*x1 ; RETURN ; 

z= xl + Keyl; 

IF [ yl > xl*TAN(41) ] THEN z = z * 1.09865; RETURN ; 


This algorithm yields a maximum error of less than 
6%. Of course, with this modification, the mean error 
is no longer zero. 


References 


1. Onoe, Morio, “Fast Amplitude Approximation Yielding 
Either Exact Mean or Minimum Deviation for Quatrature 
Pairs,” Proceedings of the IEEE, July 1972. 

2. Knuth, D E, The Art Of Computer Programming: Vol- 
ume II, Addison-Wesley Publishing Co, Reading, MA. 
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LISTING 1—COMPLEX-NUMBER MAGNITUDE ROUTINE 


MEK KK CK KK KKK KK RK KK KKK KK KKK KK KK KKKKRKKKKKKKKHEK KEKE 


9 Compute Magnitude , 


a = 


SORT( ATA + Y"Y i?” * 


2 2K 2 6 2 OK Oe KK OK oe ee KK OK OK HK HK OK KKK KOK KK KK HK HK KH KOK KK KK KK HK KK KK KK KKK 


Assume X & Y are in Locations 0 & 1 Respectively 


equ 
equ 
equ 
equ 
equ 
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LISTING 1—COMPLEX-NUMBER MAGNITUDE ROUTINE—continued 


K 
theta 


const 
angle 
root2 


mag 


comp 


et / 


* 
* 


=et/ 


case2 


casel 
-*/ 


equ 5 
equ 6 
DATA 8759 /*** O0.2673047327165 ***/ 
DATA —-28485 /*** -Tan(41)*32768 +? / 
DATA 13573 /*** sart(2)-1 **7 
lac Yy 
abs 
sacl min 
lac x 
abs 
sacl max 
sub min 
bz casel 
bgez comp 
lar ARO ,max 
lac min 
sacl max }*** Max = y ***/ 
sar ARO,min /*** min = x F777 
lack const 
8 ae K /*** Load Constant K from ROM 
lac max,15 
1t K 
mpy min 
apac 
sach 2 1 
KREKEKKKKKRKKKKKKKKKKKKKKKKKKKKKKKKKKRKKKKKKKKKKKKKKEKKKKKKKKX 
This Part of Code Necessary only if * 
Modified Method is Used * 
KHEKKKKEKKKKKKKKKKKKKKKKEKKKKKKKKKKKKKKEKKKKKKKKEKKKKKKKKEKKKEX 
lack angle | 
tpir theta 
lac min,15 
it theta 
Mpy max 
apac 
bgez case2 /** branch if min > max*Tan(41) 
ret 
lac z,15 
it z 
mpyk S233 
apac J/** 2 = Z2*1.0985 ***/ 
sach 21 
ret 
lack rootz /** 45 ( & == YY ) S = 471.414 
toir min 
it min 
mpy max 
lac max,i15 
apac 
sach 2 
ret 
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C program rotates vectors 


Branko Zebec 
PEL Electronics, Varazdin, Yugoslavia 


The C program in Listing 1 rotates a vector through 
an arbitrary angle quickly because it substitutes divi- 
sion-by-2, addition, and subtraction for the usual trig- 
onometric calculations. The program rotates a vector 
and displays each increment of rotation on an IBM 
PC’s screen (CGA card required). 

Fig 1 shows a vector, r, being rotated through an 
angle, a. If the coordinates of the vector’s endpoints 
are (x,y), then the coordinates of the rotated vector’s 
endpoints, (x’,y’), are 


x =xcosa—ysina 
y =xsina+y cosa. 


To understand how you can avoid using sine and 
cosine functions to perform these calculations, first re- 


Fig 1—Rotating a vector involves translating its endpoint from 
one set of coordinates to another. 


call that for very small angles sinea~a. Then consider 
that for any angle a between 0 and 1 radians (0° and 
180°), you can find an integer, n, which relates the 
angle to a power of 2: 


a=s 
gd 


Next, factor in the elementary trigonometric identities: 


sin? a + cos’ a = 1 
cos a = (1 — sin? a)” 


1 \12 
- 3) 


Further, you can expand the previous equations into 
the Taylor series for (1—x)”. Using only the first two 
terms in the series, you arrive at the following approxi- 
mation for the cosa, which involves no trigonometric 
math—just calculations that suit computers: 


eee 
Te as 


cos a = (1 


ecosa=l1l- 


Going back to the original rotation equations and sub- 
stituting these last approximations yields 


RN gir eee 2 es Nee 
x x 2x gem Qn 
tree Oh aes nag oa 
y y Dx gan + one 


Finally, to rework these expressions into forms you 
can program in C, make the following substitutions: 


xl = x/2" 
x2 = xl1/(2 X 2") 
yl = y/2" 


y’ = yl/(2 x 2"), 


LISTING 1—FAST-ROTATION PROGRAM INC > 


#tinclude éstdio. h> 


+ + =#include <dos.h> : | 
ea RS ae ae ere he 
/* must be large enough against int. underflow */ 
_ #define IMAX 50 /* IMAX * alpha = 360 [deg] as 
| define XC. 320 /* screen center ... a 17 
| #Weefine YC 100 /%..:, 80Y GGA @rappics carg..._ssdzs Ae 
— LANE SAN RASH EE NRRS AEN EANENE ED ORE EN ERY ERE NAAN E TES NZ 


ss H#define START 22600 


_ -potate() 
int «x. vy, xi, 


7 % compute and plot % / 
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LISTING 1—FAST-ROTATION PROGRAM IN C—continued 


KR = ¥ = SIART; /# alfa Start - 45 [deg] */ 
For (i: 0; i «¢« IMAX; i++ ) i 


Ri - (kf >> 5); 
Ze = (Bi >> 4); 
Y¥o>- WF): 
Ye - (yi >> FF 


ZK = KR - Ze - yi; 
Y - Bi ty ¥e) 
PLOt( (KR >> &) + AC, {9 >> 3) + YC. 1); 7/* Scaled plot */ 


J 


setger() /* set graphic mode - BIOS <*/ 
{ 
union REGS inreg, outreg; 


inreg.h. ah -: 
inrege.fi. ai =: /* 640 x 200 B/W *«/ 
int66(OK10, &inreg, &o0utreg); 

i 


0; 
6; 


Settsti() /%* set text mode - BIOS 4/ 


{ 
union REGS inreg, outreg; 


inreg.h. an =: 
inreg.hh.al - 
int&6(Ox10, & 
j 
Plot(=, y. mode) /* set point - BIOS «/ 
int Zz, ¥, mode; 
{ 
union REGS inreg, outreg; 


0; 
3} 
inreg, &outreg); 


inreg. hh. an = Ox0c; 
inrege. &. cx = £; 
inree. *&. dz = ¥:;: 
inreéee.h. al = mode; 


intS66(Ox10, &inreg, 40utreg): 
J 


main() 
{ 
setgr(); 
Printit( Press any Key for start ...'); 
getch(); 
rotate(); 
Printi( Press any Key for exit ...'"); 
getcn(); 
SGECLEtL i); 


which lead to the following operations using the C The program in the listing uses a value of 3 for n, 
operators for shifting, addition, and subtraction: which translates to angular displacements of one- 
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eighth of a radian (7.162°). You can substitute other 
SEK. Sa values for 7 to rotate your vectors by different incre- 
ix > Ses Ty ments. 
yl=y>>n; 
y2 = yl >> (n+ 1); 
=X x2 ¥k 
y= y -— yor ak 
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Amplifier Arsenal 


50KHz—2000MHz, Low Noise 250mW output Gain Controlled trom $69.95 


Our ZFL-2000 miniature wideband amplifier hit a bulls-eye 
when we introduced it last year. Now we've added more 
models to offer you a competitive edge in the continuing 
battle for systems improvement. 

The ZFL-2000, flat from 10 to 2000MHz, delivers +17dBm 
output and is priced at only $219. 

Need more output? Our ZFL-1000H, flat from 10 to 
1000MH2z, delivers +20dBm output. 

Is low noise a critical factor: Our. ZFL-500LN and 1000LN 
boast a 2.9dB NF. 

Variable gain important? Our ZFL-1000G, flat from 10 to 
1000MHz, delivers +3dBm output with 30dB gain control while 
maintaining constant input/output impedance. The ZFL- 
1000GH spans 10-1200 MHz, has 30 dB gain control, and 
+9dBm output. 

Searching for a high-quality, low-cost amplifier? Our 
ZFL-500 flat from 50KHz to 500MHz, delivers +10dBm output 
for the unbelievable low price of only $69.95. Need to go 
higher in frequency? Consider the ZFL-750, from 0.2 to 
750MHz, for only $74.95. Or the $79.95 ZFL-1000, spanning 
0.1 to 1000 MHz. One week delivery...one year guarantee. 


SPECIFICATIONS 


MODEL FREQUENCY GAIN,dB MAX.POWER- NF 
MHz OUTPUT 
(min.) dBm(typ) — dB(typ) 
ZFL-500 0.05-500 20 +9 5.3 
ZFL-500LN 0.1-500 24 +5 29 
ZFL-750 0.2-750 18 +9 6.0 
ZFL-1000 01-1000 17 +9 6.0 
ZFL-1000G* 10-1000 17 +3 12.0 
ZFL-1000GH* 10-1200 24 be, 15.0 
ZFL-1000H 10-1000 28 +20 5.0 
ZFL-500HLN ~~ 10-500 19 +16 3.8 
ZFL-1000LN 01-1000 20 +3 29 
ZFL-1000VH 10-1000 20 +26 45 
ZFL-2000 10-2000 0 ae ge 7.0 


2 
* 30dB gain control § **+15dBm below 1000MHz 
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PRICE $ 
Qty. (1-9) 


Ea. 


69.95 
79.95 
74.95 
79.95 
199.00 
219.00 
219.00 
99.95 
89.95 
229.00 
219.00 
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FEEDBACK AND AMPLIFICATION 


String routine harbors bug 


The routine described in the Design Idea “C string 
comparer handles abbreviations” (EDN, April 13, 1989, 
pg 214), could be very useful. However, it contains a 
minor bug that would allow bogus short forms for com- 
mon command strings. For example, it would allow 
WW or even WOOOOOOO as_ equivalents of 
WordDump. This bug would make finding a distinction 
between WordDump and WordWrite impossible, for 
example. 

Not incrementing both string pointers whenever a 
character match occurs causes the bug. I have rewrit- 
ten the function in ANSI-standard C in the accompany- 
ing listing. This version is certainly more terse than 
the original and therefore less easily understood (C 


programmers like it that way) but is slightly more 
efficient. Incrementing both pointers after an initial 
match initializes the “for” loop. Iterations of the “for” 
loop occur, therefore, only upon a match. Conse- 
quently, this version does not have the bug of the 
original because the pointers are incremented on subse- 
quent iterations as well as on the first iteration. 

I believe the name “stracmp” for “string abbrevia- 
tion compare” more accurately describes the function 
and also follows the ANSI-standard naming convention 
for string-handling routines. 

Les Aldridge, President 
Aldridge Real-Time Software Inc 
38 Janet Ct 

Milltown, NJ 08850 


LISTING 1—REVISED STRING-MATCHING ROUTINE 


#include <ctype.h> 


int stracmp (char *pat, char *abbr) 


{ 

/* 
Abreviation handling string compare. The abbr string i> 
considered a match with the pattern if every character 
in abbr is matched with a character in pat. However, 
abbr need not contain every character of pat. | | 
This version 

1. Avoids the problem of matching 
WW,WOOOO,WDD,etc. with WordDump 

2. Improves efficiency slightly. 

3- Uses ANSI standard C structure and is named 
Similarly to other ANSI standard string 
procedures, 

&.g. Stricmp, strncmp. 
ef 
if (toupper(*pat) != toupper(*abbr)) return(-1) ; 
for (abbr++,pat++; *abbr; abbr++,pat++) 
while (toupper(*pat) != toupper (*abbr) ) 
if (*patt++ == 0) return(-1); 
/* success */ 
return (0) ; 
} 
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The On 


= Simultaneous 4 channel 
digitizing: 
m= 1 GS/sec at 8 bits for transients 
m 20 GS/sec at >10 bits repetitive 
m 50k samples per channel 


m Logic, glitch, interval, & TV 
triggering 


LeCroy 7200 modularity lets you 
choose 2 to 4 channels with 400 MHz 
bandwidth. Uniquely, the 7200 never 
gives up sampling rate or waveform 
memory as you increase the number 
of channels. 


Only LeCroy makes advanced 
analyses so easy! Automate voltage, 
time, frequency, and even PASS/FAIL 
measurements. Qualify these 
measurements with histograms 

and trend data. Store the 
waveforms and all calculated 

results on the built-in hard disk 

and floppy. 


Display up to 8 live, stored, or analyzed 
signals simultaneously. — 


TRACES .00% 
tus>e ¥ 


Stert Learn 
Program 


Se neers rf 
Conf igvre 
| System 


Trace? 
qous -o 


100 to 50,000 point FFTs! 
View both the waveform and the spectrum 
at the same time. 


1 GS/sec 


Digital Oscilloscope With... 


m 2 Msample waveform storage 
m= FFT, math, and averaging 

m > 30 pulse parameters 

m Statistics 

m PASS/FAIL decisions 


Eliminate oscilloscope obsolescence... 
...with the 7200, you can add plug-ins 
as your needs change and as 
technology advances. 


) 5 LECROY 


or (914) 425-2000 ext. 6038 
for literature or a demonstration. 
: LeCroy Corporation, 
— 700 Chestnut Ridge Road, 
Chestnut Ridge, NY 10977-6499 
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DESIGN IDEAS 


FEEDBACK AND AMPLIFICATION 


Single cell lights LED 


The circuit in Fig 1 improves on the design presented 
in “Single cell lights LED” (EDN, April 27, 1989, pg 
220). In comparison with the earlier circuit, this circuit 
is simpler, more stable, and allows you to easily change 
the LED’s intensity. 

The 74HC14 hex Schmitt trigger works at a very 
low voltage. In the circuit, IC,, and its resistor and 
capacitor form an RC oscillator, which runs at a few 
kilohertz. The other inverters are paralleled to increase 
the circuit’s power-handling capability. When the par- 
alleled inverters’ outputs are low, current flows 
through the inductor. When the inverters go high and 
interrupt, current flows through the inductor, and the 
flyback voltage of the inductor lights the LED. The 
LED clamps the flyback voltage to a safe level for the 


1.2TO15VO 


Fig I—A single cell can light an LED with this circuit. 


Author relates positive feedback 
The Design Ideas editor of EDN put me in touch with 
a reader who had a problem with my Design Idea, 
“Program calculates BPF component values” (EDN, 
May 11, 1989, pg 200). (Ed Note: BPF means bandpass 
filter.) After we found that he had made an incorrect 
entry, he was able to run my program successfully. 

I have had over a dozen personal phone calls (even 
two at home) on the time savings that engineers have 
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IC. Because of the circuit’s operating frequency, the 
series inductor, L, has a high impedance. Therefore, 
you do not have to worry about overcurrents damaging 
the IC. 

You can reduce current draw and dim the LED if 
you disconnect one or more of the paralleled inverters. 
Yongping Xia, Research Assistant 
Electrical and Computer Engineering 
817 Engineering Science Bldg 
Morgantown, WV 26506 


(Ed Note: Readers also might consider the LM3909 
LED-flasher IC. This 12-year-old part uses a capaci- 
tive voltage doubler to power a flashing LED from a 
single cell.) 


realized by using my program. A recent conversation 
with a design engineer in Tennessee resulted in some 
useful improvements to my program. 

I want to thank you for the opportunity to write for 
EDN. And, in the future, I look forward to submitting 
other design ideas. 

Bob Mostafapour, Design Engineer 
Dow Corning Corp 
Midland, MI 48640 
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5 WAYS TO STOP 
WASTING TIME IN 
ELECTRONICS. 


Stop wasting your 

time soldering. Save 
hours of soldering, 
desoldering, resoldering 
with Quick Test™ sockets 
and bus strips. Connect/ 
disconnect resistors, capac- 
itors, transistors, ICs, etc. as 
fast as you can push in/pull 
out leads. Interlock for limit- 
less expandability. Priced as 
low as $1.60, you'll wonder 

how you've done without 

them! 


Stop wasting 
your time 
breadboard- 
ing. Here 
are three popular PROTO 
BOARD® Brand solderless 
breadboarding systems that 
meet any budget or time 
schedule. First the diminutive 
PB-10’s 840 contact points 
and 3-color binding posts. 
PB-102 has 1,240 tie points, 
accepting up to 12 16-pin ICs. 
Finally, PB-103, with 2,250 contact 
points, and up to 24 16-pin capacity. 
They’re affordable, American-made, <a 
lifetime guaranteed. You'll soon see * 
why PROTO BOARD Brand is 
Today’s Standard 
for Quality in 
Breadboarding. 


Stands 3‘ 
TY x 


Stop wasting your 
time jury-rigging 
large numbers of circuits. Here are two oversized 
PROTO BOARDS Brand, with expanded area, tie 
points, and more to keep your ideas together. PB- 
104 features 3,060 tie points, which can handle to 32 
16-pin ICs with ease. Four color coded binding 
posts, and roomy 9.2” x 8” metal panel make it 
big...but simple. The humungous PB-105 lets you 
load up to 48 16-pin ICs, and much more onto its 


a 


_GLOBAL 


5-color coded 
binding posts 
and 17 
sockets, for 
over 4,560 
contact 
points. 
Lifetime 
guarantee. 
American- 
made. 
Affordably priced. 


Stop wasting your 
time plugging- 
in external power. 
ee We’ve added the 
power to the breadboard. And, 
what power! Up to triple voltage 
power, + 5V, + 12V, — 12V, reg- 
ulated/current limited and DC. 
Up to 2,250 tie points, with 24 IC 
capacity and 14 pin DIPs. Now you 
can create, test and modify TTL, CMOS, 
Op-Amps and even microprocessor circuits. Plus, 
there is the standard Global Lifetime Guarantee on 
the sockets. And, wait ’til you see the modest prices! 


5. ves: 


Stop wasting time designing “™ 
computer circuits. Now you can 
use your solderless breadboard 
concepts for designing accessory 
circuits. PROTOCARD® is a PROTO 
BOARD Brand which fits any standard 

slot in your IBM, PC/XT or PC/AT computer. Some 
modules even include built-in basic decoder circuits 
for memory and I/O addressing. Breadboard areas up 
to 3,360 contact points. Buffered versions eliminate 


™ loading of pc buses. 


Global Specialties. An Interplex Electronics Company. 
70 Fulton Terrace. New Haven, CT 06512. 


Cj ii F Call toll-free for details : 1 3 
1-800-572-1028  SPECTALTIES sieir secure irccccoarsing srocucts mace n USA 


See us at WESCON Booth #724 
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DESIGN IDEAS 


Design Entry Blank 


$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 
Name 


Title 


Phone 


Company 


Division (if any) 


Street 


City State___—s Zip 


Design Title 


Home Address 


Social Security Number 
(Must accompany all Design Ideas submitted by US 
authors) 


Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EDN, must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules of 
the Design Ideas Program. 


Signed 


Date 


ISSUE WINNER 
The winning Design Idea for the August 3, 1989, issue is 
entitled “Generator rumbles at low frequencies,’ submit- 
ted by Andrew Dart of Andy’s Bureau of Standards (Dun- 
canville, TX). 


Your vote determines this issue’s winner. All designs 
published win $100 cash. All issue winners receive an ad- 


ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 


Introducing the 
Great Boardware 
Protection Co.’ 
you may already 
know as the 
Great Software 
Protection Co. 


t didn’t take long for people to start calling us 
The Great Software Protection Company. And 
we don’t think it will take very much time for 
some more people to start calling us The Great 
Boardware Protection Co. 

That’s because of our new security device for 
printed circuit boards—the SentinelChip.™ It’s the 
perfect finishing touch for your nothing-like-it, finally- 
on-the-market PCB that stops anyone from copying 
your one-of-a-kind electronic design or firmware. 
The SentinelChip from Rainbow Technologies is a 
custom-designed, board-mounted ASIC security 

device that’s built from the heart of our proven, best- 
| selling, virtually unbreak- 


SentinelChip protects 
the Peer-4000 SCSI 
Test System board for 
Peer Protocols, Inc. 
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And that’s why we put the IC/Discrete 
Parameter Database on CD-ROM! 


Were Information Handling Services—the 
VSMF® people—and D.A.T.A. Business Publishing— 
D.A.T.A. DIGESTS. And we've been helping you 
solve your product research problems for years. 


Now we can help you do your component 
research a new way. With software for your 
IBM® AT® compatible and a database on CD-ROM. 


¢ Get fingertip access to over 800,000 integrated 
circuits and discrete semiconductors. 


e Search for active and discontinued devices, 
commercial and mil/hi-rel. 


¢ Link to manufacturers data sheets with one 
keystroke. 
And, every sixty days we send out updates to keep 
your data current. 


‘The results? Time saving searching—and time is 


money. 
See us live at WESCON. 
BOOTH #217 


For more information write, phone, or Fax: 


=> Information Handling Services® 


15 Inverness Way East e Englewood, Colorado 80150 


Phone: 800-525-7052 in the U.S.A. 
(303) 790-0600 ext. 59 
in Colorado and outside the U.S.A. 
Telex: 4322083 IHS UI 
Fax: 303-799-4085 in the U.S.A. 
(303) 799-4097 outside the U.S.A. 
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NEW PRODUCTS 


TEST & MEASUREMENT INSTRUMENTS 


DEVELOPMENT SYSTEM 


® Offers logic analyzer, ICE, and 
PROM/PLD programmer 
@ Supports 68000, 8086, Z80, 

~ and others 

The FDS-128 combines a zero-wait- 
state in-circuit emulator, a 40-chan- 
nel, 40-MHz logic analyzer, and an 
EPROM/PLD programmer. The 
unit supports widely used pPs, in- 
cluding the 68000, 8086, 8088, Z80, 
6502, and 6802. The instrument can 
stand alone—it has a 24-key pad 
and an 80-character LCD—or you 
can use it via its RS-2382C port with 
either an ASCII terminal or a PC. 
The ICE has 64k bytes of emulation 
memory, expandable to 512k, and 
a 4k-frame trace buffer. It lets you 
examine trace data without halting 
the wP. The unit also performs 8- 
and 16-bit emulation of single or 
multiple EPROM devices to 512k 


@ Includes 16 analog inputs for si- 
multaneous sampling 
@ Provides 32 digital I/O points 
and 2 DAC's 
The CIO-AD16 is an analog/digital 
input/output card for the IBM PC 
bus. It incorporates a 16-channel 
ADC that makes 100k conversions/ 
sec. Even during DMA operation, 
the card can synchronize external 
S/H circuits to permit simultaneous 
capture of data from 16 inputs. The 
board also contains 24- and 8-bit 
digital I/O ports and two D/A con- 
verters. The card appears to soft- 
ware as two cards, each already 
widely supported by drivers. 
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bytes. The logic analyzer, which has 
a capture memory that’s 4k words 


deep, provides loop and delay 
counters and four levels of sequen- 
tial triggering. $3050; wP emulation 


Therefore, it is fully compatible 
with at least seven data-acquisition 
and -analysis packages as well as 
with a competitor’s high-level-lan- 
guage routines. $799. 

Computer Boards Inc, 44 Wood 
St, Mansfield, MA 02048. Phone 
(508) 261-1123. FAX 508-261-1094. 
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PC PROTOTYPERS 


@ Produce single- and double-sided 
pc boards 
@ Remove conductive material by 
milling 
The Boardmaker 912 and 912Plus 
allow you to fabricate prototype sin- 
gle-and double-sided pe boards with 
a maximum size of 9x12 in. The 
machines drill holes and mechani- 
cally mill away conductive material, 
eliminating the use of chemicals and 
photographic processes. They will 
produce lines as fine as 0.004 in. 
with spaces as narrow as 0.008 in. 
The process takes only about an 


pods, $300 to $600. 

Yu Instruments, 6534 Teakwood 
St, Cypress, CA 90630. Phone (714) 
952-4622. FAX 714-952-4614. 
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hour for boards of moderate to high 
complexity. You provide your input 
in Gerber photoplot format on an 
IBM PC-compatible 5’4-in. floppy 
disk. BoardMaker 912, $7000; 
912Plus (faster than 912 and provid- 
ing the highest resolution), $7995. 
Instant Board Circuits Corp, 20 
Pamaron Way, Suite A, Novato, 
CA 94949. Phone (415) 883-1717. 
FAX 415-883-2626. 
Circle No 353 


PULSE GENERATOR 


@ Produces 7-nsec-wide pulses to 
50 MHz 
@ Lets you control period, width, 
delay, amplitude, and rise time 
The Model 8500 50-MHz pulse gen- 
erator produces 7-nsec- to 80-psec- 
wide pulses and lets you control 
pulse period, width, delay, ampli- 
tude, and transition time (rise and 
fall time). The generator, to which 
the vendor can add a second chan- 
nel, produces normal, inverted, de- 
237 
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layed, and double pulses, and pro- 
vides auxiliary TTL and ECL out- 
puts. You can synchronize the out- 
put to an external source and obtain 
gated pulse bursts. All units contain 
a counter/timer that measures fre- 
quency from 10 Hz to 100 MHz, pe- 
riod from 10 nsec to 50 msec, and 
pulse width from 50 nsec to 1 see. 
$4995; second channel, $1995. De- 
livery, six weeks ARO. 

Tabor Electronics Inc, 216 Lit- 
tle Falls Rd, Cedar Grove, NJ 
07009. Phone (201) 857-4828. FAX 
201-239-7342. 
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Not A Spec Of Difference. 


8'’4-DIGIT DMM 


@ Hrrors change by 5 ppm/year 
®@ Can include 20-channel, 4-wire 
scanner 

The Model 6048 8'4-digit multime- 
ter has a calibration error that 
drifts no more than 5 ppm/year or 
0.5 ppm/day. It measures de volt- 
age and current, ac voltage and cur- 
rent, and resistance. The unit also 
performs resistance measurements 


at low current. The instrument’s in- 
put resistance is 10 GQ. Using inte- 
gration times from 16.67 msec to 
80 sec, its normal-mode rejection 
exceeds 100 dB at line frequency. 


Temperature compensation allows 
the meter to meet its specifications 
over a 10°C range centered at room 
temperature. Optionally, the unit 
ean include a 20-channel, 4-wire 
scanner. $5300. 

Prema Precision Electronics 
Inc, 4650 Arrow Highway, Suite E- 


5, Montclair, CA 91763. Phone (714) 


621-7292. FAX 714-625-2098. 
Circle No 355 


PATTERN GENERATOR 


@ Produces 4-bit patterns to 2 GHz 
© Stores 32k-frame sequences 
The PG-2500 pattern generator pro- 
duces 4-bit-wide pulse patterns to 
2 GHz and 8-bit-wide patterns to 1 
GHz. The unit can store sequences 
4 bits wide by 32k frames deep or 
8 bits wide by 16k frames deep. You 
can shift the outputs (individually 
in the 1-GHz mode and in pairs in 
Text continued on pg 248 


Electronic Enclosures 
designed to work for you 


PacTec offers more than 127 standard models from Stock 


Hand-held to CRT sizes 


e Constructed of impact resistant ABS, in four standard 


colors. 


e Shielding against EMI/RFI available. 
e Flame retardant grade ABS to meet UL94V-O optional. 


@ No tooling or set up charges for standard models. 
e Available as Kits and in production quantities. 
e All models can be inexpensively modified by a unique 


We build components precisely to mil-specs but skip 


the expensive government QPL red tape. So you get mil-spec 


quality without the mil-spec price. For a free catalog 
and your nearest distributor, call 1-800-247.8256. 


3 JOHNSON’ 


Component Products 
©1989 E.F Johnson Company. A company of Diversified Energies Inc. 
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tooling method. 
eA wide variety of low cost options and accessories is 
available. 


call or write today 


PACINTEC® 

Division of LaFrance Corp. 
Enterprise & Executive Aves., Philadelphia, PA 19153-3893 
1-800/523-4813 In PA: 215/365-8400 
© 1989 PacTec 


CIRCLE NO 28 


EDN October 26, 1989 


™ 


OOH MOE OO OE OT OH 


Sddddddds EHEFEFS FF 


aOeR TOK 


aré is the Instrument 


st 


The Soft 


* 


NOT OON 


beled te ere 
ondoueeatree 


TTR Sete eee an 
288 * one, | 
aqoeees? sad 


wats 


—t 


EXE Coupheg 


Source 


Fs 


rir gis Se 
PLOS~ 


Trigger Analog Trigger Stepe 


oF 


Pet entomnay 


saswees* 


NESS TS 


Channel scope (Nb-n2n0G) P. 


Controls 


te 


Tie 7 Bist 
Potts 7-18) 
Position (itt 


Board Nuraber 
thanmels (8G8} 


utput 
put 


Digital Output 


Out 


% 


1alog 


igital' In 


% 


tnaldg ipo. 


¥ 


su» PRESS ANY KEY TO CONTINUE === 


Bee ee Rae — 
deer tt 


gov 


National Instruments offers a cna line of data acquisition pha in Sond: ioe IBM re X T /AT: Ps? Model 30, 
50, 60, 70, and 80; and Macintosh II/IIx/IIcx/SE computers. These boards feature various combinations of analog, digital, and 
timer inputs and outputs. Standard features include programmable channel sampling order and conversion modes; separate gain 
for each channel; and pre, post, delayed, analog, and digital trigg >—making these boards the most versatile data acquisition 
products in the industry. Desktop and rack mountable multiplex be used to cost-effectively increase the number of analog 
input channels to 256 per board. A wide variety of signal cond: ig modules for thermocouples, RTDs, oe and current | 


inputs, and high current digital inputs and outputs complete he: ql aon hardware line. 


Software options include drivers for programming in C, BASIC, as Pascal. In adden. jee ae for dats 
acquisition, analysis, and display are available to greatly reduce system development time. Because National Instruments offers 
a complete selection of hardware and software components, system developers can be assured that all components were 
designed to work together. Another industry-leading feature is that our commitment does not stop with the purchase of our | 
- products. Our commitment continues through the system integration and successful operation of the products with personalized 
akon Ee ae our sem Sai tes staff of ap pecans Sees | 


z Wer aie A Be rve ID-Settings Stage-Settings Quit 
quire date with the MC a 16 


sbssht 


wyhiit 


Multifunction I/O Board: Ce ae Were Pe ee s 


AT-MIO-16 me re e | = ° Say Dent ee a (| Measure acquires data 


3 | ee directly into Lotus 1-2-3 or 
core) g ae A Bia Symphony spreadsheets. 


AAVALUAURIDUHONL, ANDRA 


32-Bit Digital I/O Board: biheeetete a ea : 
AT-DIO-32F Bi ee 


Lab Windows uses function panels to 
set up data acquisition operations. Low cost multifunction I/O Board: Lab-PC 


Number of Channels 16 See DI* 


Lab-PC 


(low cost) 


eee 6-15 AT-MIO-16-25 


aca Input 


Digital /O 
Counter/Timer 


= 

oO 

= | LabWindows 

Oo 
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* SE - Single Ended; DI - Differential 


First Generation 
Conventional Language 
ies HER hin LabDriver™ 

LabDriver is a set of over 50 high-level function calls that pro- 
gram data acquisition plug-in boards for analog input (A/D 
conversion), analog output (D/A conversion), waveform gen- 
eration, digital input, digital output, timing input, RTSI, and 

Uae | DMA control from conventional programming languages. 
National Instruments offers DOS LabDriver for the AT and 
MC Series boards, NB LabDriver for the NB Series boards, 
and Lab-SE LabDriver for the Lab-SE. 


LabDriver functions are callable from Microsoft QuickBASIC 
or C on IBM PC/XT/AT and PS/2 computers; and from Light- 
speedC, MPW C, Lightspeed Pascal, Microsoft BASIC, and 
HyperCard on the Macintosh. 


Examples of LabDriver Functions 

AI_Read AO_Write DIG_In_Line 
DAQ Start WE Start DIG_Out_Port 
SCAN_Start DIG_Out_Line DIG_In_Port 


Second Generation 


Applications e Gol Keep! Instreneats Libraries View Cptious Help Return! | 
7 | Lab Windows® 


LabWindows is a set of software tools for develop- 

ing data acquisition and analysis programs using 

Microsoft C and QuickBASIC. LabWindows con- 

tains extensive libraries for data acquisition, analy- 

sis, and presentation, including all functions in 
LabDriver. Function panels can be used to intuitively control the data acquisition hardware && ee 
and can also automatically generate Microsoft C or QuickBASIC source code, which can be executed interactively or com- 
piled as a standalone application. The LabWindows libraries are an extensive set of functions for formatting, analyzing, 
and graphing data. These libraries are used for operations such as digital signal processing and real-time display of acquired 
data. GPIB and RS-232 capabilities make it easy to integrate standalone instruments into the data acquisition system. 


Measure 


Measure is a set of drivers for Lotus 1-2-3 or Symphony that can control data acquisition 
hardware and place data directly into a 1-2-3 or Symphony spreadsheet. Measure adds an 
advanced set of macro commands to perform data acquisition operations easily. Once the data 
is in the spreadsheet, the full power of 1-2-3 or Symphony can be used to immediately reduce, 
analyze, and present the data. Measure supports plug-in data acquisition boards for the IBM 
PC, PS/2, and compatibles, as well as IEEE-488 and RS-232 instrumentation. 


Yo be WOR SN te ee 


BEOs 


The National Instruments selection of data acquisition boards for the Macintosh II, IIx, IIcx, and SE range from a low-cost 
multifunction board to the highest performing analog input board available on the market. The Macintosh family of boards have 
sampling rates up to 1 Msamples/sec direct to Leyes resolution from 8-bits to 16-bits, and up to six analog ee channels. 


LabVIEW is a block diagram programming 
language for designing virtual instruments that 
acquire, analyze, and present data. 


NB Series Boards 


* SE - Single Ended; DI - Differential 


National Instruments offers DMA boards to move data directly between hardware and system memory. With a DMA board, 
both background data acquisition and multichannel, high speed acquisition can occur with the Macintosh II. This allows real- 
time data acquisition applications to use the host CPU for running the user interface, graphics, and logging to disk while the 
DMA board and data acquisition hardware acquire data in parallel. With DMA, Macintosh data acquisition systems are able 
to acquire more channels of data at higher speeds than is possible with the CPU alone. 


Block Mode DMA Board: NB-DMA2800 DMA Board: NB-DMA-8 
32-bit block mode transfers ¢ 32-bit DMA 
Data transfers up to 3.1 Mbytes/sec to Macintosh II Fetch-and-deposit transfers of 8, 16, or 32 bits 
memory and 32 Mbytes/sec to block mode memory Data rates up to 2.4 Mbytes/sec to Macintosh II memory 
GPIB interface for controlling instrumentation GPIB interface for controlling instrumentation 


Macintosh SE 


Low-cost Multifunction I/O Board: Lab-SE Two 8-bit D/A converters 
¢ Integrating 12-bit A/D converter at 15 samples/sec Three 16-bit counter/timers 
* 8-bit A/D converter — 8 channels at 125 ksamples/sec 24 digital I/O lines 


High-Speed 32-Bit Digital I/O 


LabWindows analysis and - P mocpro2s Board: MC-DIO-32F 


graphics routines process and 
display acquired signals. 


24-Bit Digital I/O Board: 
MC-DIO-24 


Measure macros control data acquisition operations 
Multifunction I/O Board: MC-MIO-16 from directly within Lotus 1-2-3 or Symphony. 


—_—* a — | MC-DIO-24 | MC-DIO-32F — 


Numbe: of Channels _ CC 
"Resolution .  ~=—ri——__Cms 
a Sampling Throughput 

| (Direct to Memory) _ 

| Programmable Gain 

| Pre & Posttriggering _ | 
_ | Expandable with Malerer | 
Analog Output - 
Digital. a 

Counter/Timer _ 


5 SE - Single E Ended: DI. - Differential 


Third Generation : 
Lab VIEW® “ AASOOI Sistortion Analyzer 


Fenaction Pespaise Measurenent 


LabVIEW is an easy-to-use powerful graphical pro- st} | 

gramming language for the Macintosh family of com- | 3 mh stnraamnre 

puters. LabVIEW (Laboratory Virtual Instrument ct & | 

Engineering Workbench) is a complete integrated - Lo-+ 8 14 

programming environment for applications involving : : 

data acquisition, data analysis, instrument control, data formatting, data presentation 

and data management. The basis of LabVIEW is the representation of a software 
module as a Virtual Instrument. Graphical front panels designed from ready-to-go, easy-to-modify controls and indicators 
look and act like real instruments. LabVIEW users construct programs using block diagrams — a natural design notation of 
scientists and engineers. The block diagrams consist of executable blocks connected by data flow wires and surrounded by 
programming structures. These blocks are virtual instruments themselves that can be run interactively or used hierarchically 
in larger applications. 
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Additional Macintosh ———— 
Application Software =p. 


Parameter Manager Plus 
Labtech Notebook ¢ Automated data acquisition and control from 
¢ Menu-driven software requiring no programming worksheet environment 
Real time data display in a variety of formats e Engineering and scientific graphs and charts 
Runs as background task under Multifinder ¢ Statistical and mathematical data analysis 


Data Acquisition Accessories 


Analog Multiplexer: AMUX-64 

¢ Multiplexes 64 inputs to one MIO-16 board 

¢ Up to 4 AMUX-64 assemblies can be cascaded to provide 
256 inputs to one MIO-16 board 

¢ Cabling and software available for AT-MIO-16, 
MC-MIO-16, NB-MIO-16, and NB-MIO-16X 


Digital Signal Conditioning Modules: SSR Series Analog Signal Conditioning Modules: 5B Series 

¢ Input and output modules for conditioning high voltage « 47 input modules for conditioning low voltage and current 
and current sources sources, RTDs, and thermocouples 

¢ 4kV optical isolation e Standard backplane accepts 16 modules 
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7, Ordering Information oe re 
NATIONAL ® 12109 Technology Blvd. (800) 433-3488 
INSTRUMENTS Austin, Texas 78727-6204 Telex: 756737NATINSTAUS 


The Software is the Instrument ™ (512) 794-0100 FAX: (512) 250-0382 


© Copyright 1989 National Instruments Corp. All Rights Reserved 


¢ 1 week delivery on selected boards « 1 year warranty on all plug-in boards 
¢ 30 day money back guarantee « Toll free customer support * Training « Seminars 


NATIONAL INSTRUMENTS OF JAPAN (3) 788-1921 * NATIONAL INSTRUMENTS OF FRANCE (1) 486-53370 * NATIONAL INSTRUMENTS OF ITALY (2) 322-00635 « 
NATIONAL INSTRUMENTS UNITED KINGDOM (06) 355-23545 * ARGENTINA (1) 46-5776 » AUSTRALIA (2) 736-2888 * BELGIUM (2) 466-8199 « 
CANADA (416) 890-2010, (613) 596-9300, (514) 747-7878, (403) 295-0822, (604) 988-2195 * CHILE (2) 225-3689 +» DENMARK (2) 251-122 * FINLAND ( 0) 372-388 * GREECE (1) 361-1283 « 
HONG KONG (2) 0426-2707 + INDIA (2) 346-613, (6) 836-571 * IRELAND (3) 851-1095, (3) 427-2282 + ISRAEL (3) 324-298 » KOREA (2) 756-5340 » MEXICO (5) 682-4734 « 
THE NETHERLANDS (7) 099-6360 * NORWAY (2) 53-1250 * PORTUGAL (1) 734-834 * SINGAPORE (65) 291-1336 * SOUTH AFRICA (11) 787-0473 « SPAIN (1) 458-0150 « 
SWEDEN (8) 792-1100 * SWITZERLAND (6) 552-8949 » TAIWAN/THE REPUBLIC OF CHINA (02) 703-6280 » THAILAND (2) 234-9330 » WEST GERMANY (89) 80-7081 
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start with a first class 
Speakerphone Chip. 


Look into our latest PBM 3911 and PBM 3912 é#khee 

CMOS speakerphone circuits. sag | 
rie be delighted to find so much sophisticated Ericsson PBM 3911 and PBM 3912. | 

esign already built in. 

For example: _ * Advanced CMOS design. 

Advanced volume control means you don't just * Low power consumption, typically | 
alter the speaker output but the precise ImA at SV. | 
attenuation of both microphone and speaker circuits. * Built-in background noise detector. | 
Built in pre-amp means you can choose the ideal * Built-in pre-amplifier. 

power amp and speaker to suit the application. * 0-50dB control range. 

Accurate digital ramp control means you can regard | * Very accurate ramp control. | 
cross-talk and howling as things of the past. _ * Access to internal control circuits. | 
Plus: we offer an equally interesting series of * DIP and PLCC packages. | 


Bipolar Speakerphone Chips for line-powered systems. 
Contact us for more information. 


Fé 
ERICSSON 2 


Ericsson Components AB 
S-164 81 Kista—Stockholm, Sweden 
Telephone +46 8 757 5000 

We’re in the lead Telefax +46 8 752 6034 


EDN October 26, 1989 CIRCLE NO 189 OE | 


New Viterbi 
Decoder 


HIGHEST 
PERFORMANCE! 


From STel . 
THE LEADER 
in Forward Error. 
Correction Products 


The STEL-2020 is Stanford Telecom's | 
newest high-speed 
high performance 
Viterbi Decoder. ; 
At 20 Mbps the 
STEL-2020 is 
the fastest 

product in 

the industry! 


Operates at up to 20 Mbps 

Dual Constraint Lengths, K=6 or 

K=7 

@ Operates at Rate '/2, Rate 2/3*, 
Rate °/.*, and Rate ’/s* 
(*Punctured Codes) 

@ Auto Node Sync Capability 

@ industry Standard Polynomials: 
Gi = 73,, G2=61, (K=6) 
Gi=171,, G2=133, (K=7) 

@ Coding Gain of 5.0 dB (K=6) and 
5.2 dB (K=7) at 10 > BER 

& Optimized Interface for BPSK, 
QPSK, and OGQPSK Demodulators 

@ Operates in Burst and Continuous 
Modes, with Integral Tail-off 
Handling 

@ Four-Bit Soft Decision Inputs 

| M& Operates with Signed Magnitude 

or Two’s Complement Data 

| @ All Memories on Chip 

@ Performs both Encoding and 
Decoding 

H 132-Pin PGA Package 

@ Available NOW! 


Write or call 


Attn: Custom ASIC Products Group 
2421 Mission College Blvd. 
Santa Clara, CA 95054-1298 
Tel: (408) 980-5684 
Telex: 910-339-9531 


Fax: (408) 980-1066 
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TEST & MEASUREMENT INSTRUMENTS 


the 2-GHz mode) over a range of 
+ 2 nsec with 10-psec resolution and 
an error of <100 psec. You can con- 
trol the internal clock’s frequency 
in increments of 1% from 10 MHz 
to 2 GHz. You must use an IBM 
PC/AT-compatible computer or an 
80386-based PC with the industry- 
standard bus as a host. The com- 
puter must have an IBM EGA (en- 
hanced graphics adapter) video con- 
troller, a high-resolution color moni- 
tor, a hard disk with at least 10M 
bytes available, and a National In- 
struments PC 2A I[KEE-488 inter- 
face. Such a computer can control 
as many as eight units: $75,000. 
Outlook Technology Inc, 200 E 
Hacienda Ave, Campbell, CA 
95008. Phone (408) 374-2990. TLX 
350479. 
Circle No 356 


FREQUENCY SOURCE 


@ Produces 20V p-p sine waves and 
TTL square waves 

@ Holds error to 10 ppm from 1 Hz 
to 100 kHz 

The Wavebox 100 synthesized fre- 

quency source produces frequencies 

from 1 Hz to 100 kHz with 1-Hz 


resolution and 10-ppm error. You 
dial in the output frequency on 
thumbwheel switches. The unit pro- 
duces two outputs: a TTL/CMOS- 
level square wave and a variable- 
amplitude sine wave (20V p-p max) 
whose offset you can adjust over a 
+10V range. The total harmonic 
distortion of the sine wave is at 
least 40 dB below the output level. 
$325. 

Teledata Systems, 68 Reservoir 
Rd, New Milford, CT 06776. Phone 
(203) 355-8285. 

Circle No 357 


VMEBUS TRACER 


@ Adds complex triggering to state 
and performance analysis 
@ Reports protocol violations via 

ASCII terminal 
The VBAT-821-Piggyback is a 
board you add to the vendor’s VBT- 
321 advanced VMEbus tracer. The 
piggyback board enables the bus 
tracer to trigger on a large number 
of bus timing and protocol viola- 
tions. Unlike the vendor’s VBAT 
stand-alone VMEbus anomaly trig- 
ger unit, which reports error condi- 
tions on a series of LEDs, the VBT- 
321/VBAT-321-Piggyback combina- 
tion displays the problems it finds 
on an ASCII terminal. Like the 
VBAT, the piggyback unit continu- 
ously monitors 98 bus lines and si- 
multaneously checks for 104 types 
of errors. Piggyback, $2500; bus 
tracer, $5990. 

VMEtro Ine, 2500 Wilcrest, 
Suite 550, Houston, TX 177042. 
Phone (718) 266-6430. FAX 713- 
266-6919. 

Circle No 358 
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Carborundum® 
noninductive 
ceramic power 
resistors solve 
tough problems. 


We make three types of noninductive 
ceramic resistors that can solve tough resis- 
tance problems, save money and space. 


Energy Absorption 


as 50,000 Joules 


890AS (18" x 1”) 


2 
& 
s 
= 
= 
75 Joules 
1.5 KV 231AS (1” x 5/52") 
0 
time 
Power Absorption 
1000 Watts 
892SP (24” x 2”) 
a 100 Watts 
*” 
= 
ce 
231SP (1” x 5/22”) 
2.9 Watts 


time 


Regardless of the pulse shape, we have 
the resistor. Our Type SP handles large 
amounts of power from 60 cycles through 
VHF. Type AS can absorb huge amounts of 
energy in millisecond pulses. Type A solves 


INSTRUMENTS 


PS/2 I/O CARDS 


® Feature Micro Channel compati- 
bility 
@ Perform A/D and D/A conversion 
The PCI-601W and PCI-602W are 
data-acquisition boards for the Mi- 
cro Channel Architecture bus of the 
IBM PS/2 models 50, 60, 70, and 
80. Both boards incorporate 16 sin- 
gle-ended or eight differential ana- 
log inputs; a 12-bit ADC, which 
takes 70k samples/sec; a program- 
mable-gain amplifier with gains of 
1, 10, 100, and 1000; programmable 
channel scanning; two independent 
16-bit counters that you can cascade 
or use to measure period and fre- 
quency; and 16 digital I/O lines. In 
addition, the PCI-602W has a pair 
of 16-bit D/A outputs that you can 
update as fast as 250,000 times each 
second. The input scanner allows 
burst-mode operation, in which the 
ADC scans selected channels in 
rapid succession and then waits be- 
fore acquiring additional samples. 
PCI-601W, $995; PC1-602W, $1195; 


Features 


12-bit phase shift value, 0.09° resolu- 
tion, can be used for linear PM, pulse- 
shaped PSK, QAM or FSK. 


32 bits, 14 milli-Hz @ 60 MHz 


(full commercial range) Capable of 
>70 MHz (typical) providing output 
band-widths DC to 35 MHz. 


-75 dBc, max. 


high resistance problems in high voltage 
Situations. 


Typical spectrum of MNCO output — 
(unmodulated) @ f, = 60 MHz, 
f, = 6.789 MHz, Span: 10 MHz, 
Resolution BW: 300 Hz 


software drivers, $180 each. 
Burr-Brown Corp, 1141 W Grant 


For more information on ceramic power 
resistors and our broad line of thermistors 
and varistors, Call or write today. 


The Carborundum Company 
Electronic Ceramics Division 
PO. Box 664 

Niagara Falls, New York 14302 
Telephone 716 278-2521 


CARBORUNDUM 


The Carborundum Company 
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Rd, MS 131, Tucson, AZ 85705. 
Phone (602) 746-1111. FAX 602- 
623-8965. 

Circle No 359 


ACQUISITION SYSTEM 


@ Makes 1000 15-bit measure- 
ments/sec 

@ Stores 75,000 readings 

The 2287A Helios Plus is an analog 
front end for PC-based data-acquisi- 
tion systems. You can choose 
among the ADCs the system con- 
tains: a 15-bit unit takes 1000 sam- 


- up to 15 MHz update rate! 
- up to 30 MHz FSK rate! 


Write or call: 


STANFORD 


: ASIC & Custom Products Group 
2421 Mission College Blvd. 
Santa Clara, CA 95054 
Tel: (408)980-5684 
Telex: 910-339-9531 
Fax: (408)980- 1066 
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SUNRISE ELECTRONICS. INC. 


A WHOLE NEW WAY TO 
PROGRAM EPROMs, 
PLDs, and MCUs 


In-circuit Programming lets you 
program your EPROMs after they have 
been installed in your circuit card. It is 
the most efficient and most reliable way 
to program. It simplifies your 
manufacturing process and reduces your 
documentation. It also eliminates sockets, 
labeling and insertion related failures. 

Our programmers can program 
multiple data files into different cards 
simultaneously. In addition we test the 
cards automatically after they are 
programmed. 

Best of all, we do all the work for you. 
Sunrise in-circuit programmers can be 
delivered as complete turnkey systems, 
Or you Can develop your own interface 
using the built-in self guided menu driven 
software. 


T-8000 HIGH VOLUME 
IN-CIRCUIT PROGRAMMER 
@ Program 48 or more cards at a time 

@ 40 MB hard disk, dual floppy drives 

@ 660 Watts of programming power 

@ MS-DOS compatible 

T-6000 
BRIEF CASE 
PORTABLE 
IN-CIRCUIT 
PROGRAM- 
MER 


@ Optional lift out UV board size eraser 

@ Program several boards in one pass 

@ 3.5 inch, 1.2 MB floppy 

@ Rugged, shock mounted case, water 
tight 


T-5000 TRANSPORTABLE 
MS-DOS BASED IN-CIRCUIT 
PROGRAMMER 


@ Program several boards in one pass 
@ 20 MB hard disk, 3.5 inch floppy 


® Rugged, shock mounted construction 


T-4000 LOW COST 
IN-CIRCUIT PROGRAMMER 


@ Customer supplies iBM AT or 
compatible 

@ Program whole circuit cards in one 
pass 

@ Supplied turnkey or develop your own 
interface using built-in self guided, 
menu driven software 


See our complete line of Universal 
and Gang programmers 


SUNRISE ELECTRONICS, INC. 
524 S. Vermont Ave., Glendora, CA 91740 


(818) 914-1926 


FAX (818) 914-1583 
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INSTRUMENTS 


ples/sec; a 17-bit unit takes 16 sam- 
ples/sec. The system accommodates 
as many as 1000 channels. It com- 
municates with the host computer 
at 19.2k bps max via an RS-232C 
port. A buffer can store as many 
as 75,000 readings, enabling the 
system to acquire a large number 
of samples and transmit them after 
acquisition. Several PC-based soft- 
ware packages, including Labtech 
Notebook, LT/Control, and Meas- 
ure, support the hardware. From 
$3500. Delivery begins January 2, 
1990. 

John Fluke Mfg Co Inc, Box 
C9090, Everett, WA 98206. Phone 
(800) 443-5853. 

Circle No xxx 

Philips Test and Measurement, 
Bldg HKF, 5600 MD, Eindoven, 
The Netherlands. Phone local of- 
fice. 

Circle No 360 


I/O MODULES 


@® Measure 1.8 X3.9 in. 
@ Plug onto VMEBus and Nubus 
boards 
The Industrypack modules are 
1.8 x3.9-in. pe cards that plug onto 
VMEbus and Nubus boards to per- 
form data-acquisition functions. The 
IP-Precision ADC is a miniaturized 
subsystem with 20 single-ended or 
eight differential channels. It di- 
rectly accepts low-level inputs from 
thermocouples, strain gauges, and 
resistive bridges and makes 65,000 
12-bit conversions/sec. The unit also 
contains a precision reference and 
a D/A converter. The IP16-DAC in- 
corporates three 16-bit D/A con- 
verters. The IP-DAC contains six 
12-bit D/A converters. The IP-488 
is a miniaturized IEEE-488 control- 
ler. IP-Precision ADC, $523; IP16- 
DAC, $540; IP-DAC, $428; IP-488, 
$244. 

GreenSpring Computers Inc, 
1204 O’Brien Dr, Menlo Park, CA 
94025. Phone (415) 327-1200. FAX 
415-327-3808. 

Circle No 361 


Drives MC6804 
MC68030 at 


50 MHz 


K11040 
series 


¢ TTL Compatible; CMOS Com- 
patible with 50 pF Load Capabil 

¢ Min/Max Symmetry 47.5/52.5% 
for Tightly Controlled Duty Cycle 

¢ Rise Time 1.7 ns, Fall Time 1.6 
ns Max 


Cooperatively designed to drive the MV 
torola MC68030 and MC68040 famili 
of 32-bit microprocessors, the K110. 
Clock Driver is also ideal for other apr 
cations requiring tightly controlled dt 
cycle and very fast rise and fall tim: 
with 50 pF load capability. Consult fact 
ry for additional frequencies. 


CIRCLE NO 211 


+20 PPM Cloc 
For Telecom 
Applications 


- 35-60 MHz TTL 
¢ +5V dc Input 


For telecommunications, modems, ar 
other applications requiring tight stabi 
ty, the K1144BM provides +20 ppm st 
bility, uses standard +5V dc input, drive 
standard TTL and CMOS logic, fan o 
of 10 from 1.5 to 35 MHz. Mod 
K1144AM drives up to 5 TTL logic gate 
from 35 to 60 MHz. Tighter stabilitie 
available. 


CIRCLE NO 8 


/r%, K11040, K1144 and Champion are trademarl 
of Champion Technologies, Inc. Motorola, MC680< 
and MC68030 are trademarks of Motorola Inc. 

© 1989 by Champion Technologies, Inc. 


[/ Champion 
[7 eect Inc. 


2553 N. Edgington Street 

Franklin Park, IL 60131 U.S.A. 

708/451-1000 FAX: 708/451-7585 

EasyLink: 62931824 Telex: 499-0104 CTI UD 
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“NEW PRODUCTS 


COMPUTERS & PERIPHERALS 


LASER PRINTER 


© Compatible with HP’s Laser Se- 
ries II printers 
@ Has a graphics resolution of 
300 x 300 dpi 

The PageLaser6 laser printer is 
compatible with HP’s LaserJet Se- 
ries II printers, font cartridges, and 
soft fonts. The printer also emulates 
an IBM Proprinter XL24 printer. 
You can communicate with the unit 
through a Centronics parallel port 
or an RS-232C port. Resident fonts 
include Courier, Courier Bold, 
Prestige Elite, and Line Printer. 
The device has a suggested usage 
rate of 4000 pages/month and prints 
letter-size pages at 6 pages/minute. 
Its standard memory configuration 
is 512k bytes with options for 1M, 
2M, and 4M bytes via expansion 
board. Printing graphics at 
300 x 300-dpi resolution, the unit 
has a printer life of 300,000 pages. 


Its input and output trays can each 
hold 150 sheets. The printer meas- 
ures 16.1 15.4x8.3 in. and weighs 
39 lbs. $1899. 

Toshiba America Information 


Systems Inc, Computer Systems 
Div, 9740 Irvine Blvd, Irvine, CA 
92718. Phone (800) 457-7777; in CA, 
(714) 583-3000. 

Circle No 362 


IBM VGA BOARD 


© Computer and VGA 15-pin moni- 
tors for IBM PCs 
@ Provides 16 colors from a palette 
of 262,144 
You can use the IBM VGA adapter 
board for the IBM PC, PC/XT, PC/ 
AT, and compatible computers with 
VGA 15-pin color or monochrome 
monitors. It’s backward compatible 
with IBM EGA, IBM CGA, and 
IBM MDA, as well as Hercules 
graphics standards. An autoswitch 
feature automatically adjusts the 
card to the graphics mode. The 
board comes with 256k bytes of 
RAM and delivers 640 x 480-pixel 
resolution with 16 simultaneous col- 
ors from a palette of 262,144. An 
optional resolution of 320 x 200 pix- 
els provides 256 simultaneous col- 
ors. The text resolution is 80 col- 
umns X25 lines. You can use the 
board in either an 8- or a 16-bit ex- 
pansion slot. The board utilizes a 
Chips and Technologies graphics 


252 


chip and requires no jumpers or 
switches to be set during installa- 
tion. $345. 

Boca Research Inc, 6401 Con- 
gress Ave, Boca Raton, FL 33487. 
Phone (407) 997-6227. FAX 407- 
997-0918. TLX 990135. 

Circle No 363 


I/O CARD 


@ Provides four RS-232C commu- 
nications ports 
@ Uses 285C30 chip for synchro- 
nous and asynchronous protocols 
Providing four RS-282C communi- 
cations ports, the LPM-7314 CMOS 
STD Bus card uses the Z85C30 se- 
rial-communications-controller IC 
for multiprotocol asynchronous and 
synchronous communications. Each 
channel operates independently and 
is capable of 38.4k asynchronous 
baud rates and 307.2k synchronous 
baud rates. Each channel provides 
modem-handshake control lines. 


Programmable loop-back mode and 
auto echo are available on each 
channel. The card works with Z80 
and 80X88 Ps, and a driver utility 
is available for DOS-based STD Bus 
systems. The all-CMOS board con- 
sumes 420 mW and operates from 
—40 to +85°C. $395; NMOS ver- 
sion for the TTL STD Bus, $300. 
WinSystems Inc, Box 121361, 
Arlington, TX 76012. Phone (817) 
274-7553. FAX 817-548-1358. 
Circle No 364 


ETHERNET BOARD 


@ Interfaces to two independent 
LANs 
@ 3-bus architecture and 5-port 
memory eliminate wait states 
The TSVME-551 Ethernet adapter 
board for the VMEbus uses a 16- 
MHz 68020 uP to interface with two 
independent Ethernet LANs. A tri- 
ple-bus architecture, a 1M-byte 5- 
port memory, and a _ burst-mode 
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data management 
system on one 
VME board. 
TheSCSI 
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t. Your real system problem 
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data access and transfer. 
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COMPUTERS & PERIPHERALS 


VMEbus controller eliminates wait 
states during data transfer. Its uP 
executes instructions from either 
256k or 512k bytes of local RAM 
concurrently with DMA burst 
transfers to the VMEbus and Eth- 
ernet transfers to the shared mem- 
ory. The wP, both Ethernet control- 
lers, and the VMEbus can access 
the shared memory. Its DMA con- 
troller uses a command FIFO de- 
vice to stack as many as 32 transfer 
commands. A separate 2k-byte data 
buffer allows the DMA operation to 
be independent of other onboard re- 
sources. The board transfers data 
at 10M bps on both Ethernet con- 
trollers even when all the memory 
ports are active. Single-port ver- 
sion, $2996; dual-port version, 
$3746 (100). 

Themis Computer, 6644 Owens 
Dr, Pleasanton, CA 94566. Phone 
(415) 734-0870. FAX 415-734-0873. 
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LAPTOP COMPUTER 


@ Uses an 80386SX pP running at 
16 and 8 MHz 

© Has 2M bytes of RAM and sup- 
ports external monitors 

The LapPRO-386SX laptop com- 

puter uses an 80386SX wP running 

at 16 or 8 MHz and provides 2M 

bytes of RAM that’s expandable to 

4M bytes. Its 75-key keyboard pro- 

vides 12 function keys when you ac- 


tivate the FUNC key. The monitor 
port supports IBM CGA, IBM 
EGA, and IBM VGA external moni- 
tors. Standard features include a 
40M-byte hard-disk drive with 28- 
msec access time, a 3’4-in. floppy- 
disk drive, two serial ports, a paral- 
lel port, a blue-on-white LCD, and 
a numeric keyboard. Options in- 
clude a 2400- or 4800-baud internal 
modem, a coprocessor, a 100M-byte 
hard-disk drive, external floppy- 
disk drives, and an external key- 
board port. The device can operate 
from a 110 or 220V power supply, 
a 12V car lighter, or a battery pack. 
The unit measures 15.94 x 12.63 
in. and weighs 13 lbs without a bat- 
tery and 16.5 lbs with a battery. 
$4995. 

Dauphin Technology Inc, 1125 
E St Charles Rd, Lombard, IL 
60148. Phone (812) 627-4004. TLX 
297246. FAX 312-627-7618. 
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MIL -S$TD-d83C 
NOTICE 4 
Methods 1011 & 1014 


ced leak rate- Measured leak rate (R,) is defined as the leak rate of a given 
je aS measured under specified conditions and employing a specified test 


No 


Measured leak rate shall be expressed in units of atmosphere cubic 


neters per second (atm cc/s)- For the purpose of comparison with rates 
nined by other methods of testing. the measured leak rates must be converted 
Jivalent standard leak rates. 


alent standard leak rate- The equivalent standard leak (L) of a given 

je, with a measured leak rate (R,). is defined as the leak rate of the same 
je with the same leak geometry, that would exist under the standard 

clions of l-la- The formula (does not apply to test condition B) in 3-]-1-2 
sents the L/R ratio and gives the equivalent standard leak rate (L) of the 

je with a measured leak rate (R,) where the package volume and leak test 
-loning parameters influence the measured value of (R,)- The equivalent 

ard leak rate shall be expressed in units of atmosphere cubic centimeters per 
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CPU BOARD 


@ Uses Intel 960CA RISC wP for 
VMEbus 
e Provides Ethernet, SCSI, paral- 
lel port, and four RS-232C ports 
The HK80/V960E VMEbus CPU 
board uses Intel’s 960CA RISC pP. 
The wP includes a 1k-byte instruc- 
tion cache, a lk-byte static data 
RAM, and a 4-channel DMA con- 
troller. Delivering six native MIPS 
and 30 VAX MIPS, the board also 
uses a 2-way interleaved architec- 
ture, which provides zero-wait- 
state access to either 2M or 8M 
bytes of onboard 70-nsec dual-port 
SRAM. In addition, the board has 
1M byte of EPROM and 128 bytes 
of nonvolatile RAM for storing 
user-defined configuration data. 
The board has an Ethernet inter- 
face, a SCSI, a parallel port, and 
four RS-232C ports. The device 
uses the VICO68 VMEbus interface 
IC, which provides transfer speeds 


as fast as 40M bytes/sec. Running 
the VxWorks operating system, the 
board lets designers develop appli- 
cation code on a Unix host such as 
a Sun workstation. The board is 
currently in beta site with produc- 
tion units scheduled for the first 
quarter of 1990. 33-MHz version 
with 2M bytes of RAM, $2795 (100). 
Heurikon Corp, 3201 Latham 
Dr, Madison, WI 53713. Phone (800) 
356-9602. FAX 608-831-4249. TLX 

469532. 
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PRINT ACCELERATOR 


e Provides DMA printer interface 
® Operates with VMS and RSX11M 
software drivers 

The Sprint It printer accelerator for 
the MicroVAX provides a buffered 
DMA printer interface for the Q 
Bus. Its features are transparent to 
the operating system so it runs with 


VMS and RSX11M software driv- 
ers. The unit connects to printers 
with Centronics, Dataproducts, or 
RS-232C interfaces. The board ac- 
cepts data into its 64k-byte data 
buffer at a 500-kHz rate, and the 
printer controls the throughput 
from the board to the printer. The 
quad-size board’s I/O page address 
is programmable from 760000 octal 
to 777770 octal. The board presents 
one standard de and two standard 
ac loads to the Q Bus and draws 
2A from the 5V supply. Versions 


peli’: Sere TET 4 TORO: 
2S 


FC’ “6847 


Plain English. 


testing, you simply use our new FC-6046 
and/or FC-6047 fluids. 

Simple. 

These new fluids have been formulated 
specifically to meet all the military standards. 
And since they can be used to replace all 
other fluids, your confusion about what to use 
is eliminated. 


If the new Military Standard 883C Notice 8, 
Test Methods 1011 and 1014 rules are a little 
hard to understand, here's the translation. 

Now, for Test Method 1011 for thermal shock 
testing, you simply use new FC-6001 and 
FC-6003 fluids from 3M. 

And for Test Method 1014 for hermetic seal 


We've even added some improvements. The 
useful life of FC-6001 and FC-6003 is 10 times 
greater than the fluids they replace. 

For specifications and information on these 
new FC-6000 series fluids, write 3M Industrial 
Chemical Products Division, Dept. RAM, 
3M Center Bldg. 223-6S-04, St. Paul, MN 


55144-1000. © 1989 3M. 
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INC. 


405 Essex Road, Neptune, NJ 07753 


CALL TOLL FREE 800-631-4298" e Telex 


ELECTRONIC 
MEASUREMENTS 


132-424 @ Fax (201) 922-9334 


, Hawaii and Canada call (201) 922-9300. 


y, Alaska 


* Except in New Jerse 


CIRCLE NO 193 


See us at WESCON Booth 4639 & #641 


ELECTRONIC 
MEASUREMENTS, 


Ca) INC. 


BOSS 


BIPOLAR OPERATIONAL SOURCE-SINK 


© 3 power levels 100 W to 200 W to 
400 W 

e 4 modes of operation: (1) bipolar power supply 
(2) an operational power supply (3) sourcing 
power supply (4) sinking power supply 

e DC output voltages of +20 V DC through 
+200 V DC 

e |EEE-488 or RS232 digital control . 

e Regulated and metered (V and A) 


ATR LINEAR DC POWER 
SUPPLIES 


© 3100 W 14 rack models 

e 3250 W '% rack models 

e Voltages range from 0 to 32 V DC through 0 to 
128 V DC 

e Regulated and metered (V and A) 

e Both models are fully programmable sources of 
constant voltage or constant current 

e Output power via rear mounted terminal boards 
or front panel binding posts 


IEEE-488 BUS INTERFACE 
DIGITAL PROGRAMMER 


EMTL-488 
A dual channel, digital-to-analog, talker/listener 
programmer. Applications include: Automatic Test 
Equipment ¢ Environmental Testing ¢ Motor 
Controls ¢ Process Controls 


e Economical interface with GPIB Bus 

¢ Catalog units to match output voltage of any 
E/M power supply 

@ Two independent channels for controlling 

voltage and current 

12 bit resolution 

Bus and processor optically isolated from load 

3 packaging concepts 

5-year warranty 


ELECTRONIC MEASUREMENTS, INC. 

405 Essex Rd., Neptune, NJ 07753, Dept. EM 
PHONE: 201-922-9300 

TOLL FREE: 800-631-4298 
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are available for the MicroPDP 11 
series and the MicroVAX I, II, and 
III computers. Low-speed version 
for line printers with speeds of 
<1000 lpm and page printers with 
speeds of <15 pages/minute, $1500; 
high-speed version, $2000. 

Tartan Technical Inc, 321 
Billerica Rd, Chelmsford, MA 
01824. Phone (508) 250-9341. FAX 
508-250-0567. 

Circle No 368 


LCD TERMINAL 


@ Replaces CRT terminal in space- 
limited applications 

@ Has active screen area of 4X9 in. 
The CDS700-P LCD Terminal is de- 
signed to replace a CRT terminal 
in space- and power-limited applica- 
tions. The unit measures 6.5 
111.5 in., has an active screen 
area of 4x9 in., and draws 250 mA 
from a 5V supply. Optional white 
fluorescent or EL backlighting con- 
sumes an additional 1 to 5W, de- 
pending on intensity. You interface 
to its onboard LCD controller 
through an RS-232C port. Addi- 
tional features include 25 lines of 
80 characters; double-high and dou- 
ble-wide characters; block graphics 
and graphics primitives; full cursor 
control; video memory; paging and 
scrolling; an IBM PC/XT or a paral- 
lel ASCII keyboard interface; and 
a bell tone. $995. 

Communications and Display 
Systems Inc, 182 Morris Ave, 
Holtsville, NY 11742. Phone (516) 
654-1143. 

Circle No 369 


FAX CARD 


e Has two facsimile transceivers 
@ Host transmits/receives data over 
as many as 12 channels 

The TR112 FAX board for the IBM 
PC/AT and compatible computers 
contains two facsimile transceivers 
for multichannel fax applications. 
The board doubles the number of 
channels that the host system can 


accommodate. The board’s auto- 
routing scheme takes advantage of 
the direct inward dialing (DID) pro- 
vided by telephone companies that 
allows outside callers to dial inter- 
nal extensions directly. An optional 
digital-voice-response capability lets 
the board retrieve and play back 
digital speech previously recorded 
on a disk drive. This capability 
along with DTMF tone detection 
can implement integrated voice re- 
sponse in fax applications. Other 
features include Group 3 compati- 
bility, ASCII text to fax-format 
conversion, and  multiple-type 
fonts. Without autorouting, $1995; 
with autorouting, $2495. 
Brooktrout Technology Inc, 110 
Cedar St, Wellesley Hills, MA 
02181. Phone (617) 235-3026. FAX 
617-235-0310. 
Circle No 370 


COMMUNICATIONS CARD 


e Transfers data to 16 asynchro- 
nous devices 
@ Designed for Unix and X-win- 
dows graphics systems 

The 781 serial-communications-con- 
troller card for the VMEbus allows 
a VMEbus host to communicate 
with as many as 16 asynchronous 
devices. The board is designed to 
take advantage of the features in 
Unix and X-windows graphics sys- 
tems. Each device can operate inde- 
pendently at data-transfer rates of 
100 to 38.4k baud. Because the 
board has a character throughput 
of 320k bps, it can communicate at 
19.2k baud to 16 devices simultane- 
ously. The 6U form-factor board 
contains a 10-MHz 80186 pP and a 
64k-byte buffer. Two octal receiver/ 
transmitters handle the asynchro- 
nous communications protocols. The 
wP handles the tasks of DMA setup 
and execution, flow control, and in- 
terrupt servicing. $1795. 

Xylogics Inc, 53 Third Ave, 
Burlington, MA 01803. Phone (617) 
272-8140. 

Circle No 371 
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OSCILLATORS 


@ Stability equals 1 ppm/°C max 

® Have a 10-dBm output 

Series 5000 fixed-tuned and me- 
chanically tuned dielectric resonant 
oscillators cover a 5- to 18-GHz fre- 
quency range. The frequency stabil- 
ity of the fixed-tuned model at 18 
GHz equals 1 ppm/°C max, and 
maximum frequency pulling and 
pushing measure 150 and 7 kHz, re- 
spectively. RF power output is at 
least 10 dBm and varies only +1 
dB over the —54 to +85°C operat- 
ing range. Phase noise is at least 
— 85 dBe at a 10-kHz offset. Second 
harmonic and nonharmonic spurious 
responses are at least —30 and —70 


+V GND 
DRO-M5080 § 


MECH. TUN. | 


GENERAL® Fy 
MICROWAVE ff 


dBc, respectively. All oscillators 
are supplied with removable sur- 
face-mount-assembly female output 
connectors. Fixed-tuned version, 
$1500; mechanically-tuned version, 


$1600. 

General Microwave Corp, 5500 
New. Horizons Blvd, Amityville, 
NY 11701. Phone (516) 226-8900. 
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VARIABLE INDUCTOR 


@ Available in two ranges 
@ Designed to accommodate wave- 
soldering operations 

The 5P miniature shielded variable 
inductor is designed for IF-circuit 
and oscillator applications. The de- 
vice is available in two frequency/ 
inductance ranges: 200 kHz to 2 
MHz (30 pH to 1 mH) or 1 to 15 
MHz (1 wH to 40 pH). Measuring 
just 6 mm high and 6 mm square, 
the inductor has a patented design 
that features a cup core adjuster 
threaded directly into the shield, 
permitting the use of a larger cup 
core and drum core. Other features 
include corner standoffs to prevent 
device tilting during wave solder- 
ing, a waxed core to prevent core- 


258 


lock during fluxing and soldering 
operations, and a plated brass hous- 
ing for better magnetic shielding. 
$0.86 (1000). Delivery, 12 weeks 
ARO. 

Toko America Inc, 1250 Feehan- 
ville Dr, Mount Prospect, IL 60056. 
Phone (812) 297-0070. FAX 312- 
699-7864. 
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PRESSURE SENSOR 


@ Designed for surface-mount ap- 
plications 

® Measures absolute pressure 

The Model 1431 solid-state, piezore- 
sistive pressure sensor is housed in 
a miniature surface-mount package. 
The design is based on a silicon chip 
that consists of a micromachined 
silicon diaphragm with a piezoresis- 
tive 4-arm active Wheatstone 
bridge. Measuring only 0.3 x 0.3 in. 
and weighing 0.3g, the sensors are 
available in absolute pressure 
ranges of 15 to 300 psi full scale. 
The device operates from either a 
constant current or constant volt- 
age supply and is accurate to 
>+0.25%. The typical full-scale 
output span equals 60 mV. Alter- 


nate packages are available for ap- 
plications requiring gauge or differ- 


ential pressure measurements. 
From $16. 

IC Sensors Inc, 1701 McCarthy 
Blvd, Milpitas, CA 95035. Phone 
(408) 432-1800. 
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PROCESS METER 

@ Offers programmability 

® Includes integral RAM 

You can program the P6004 micro- 
computer-based, 6-digit, %DIN 
panel instrument as a flow-rate in- 
dicator/controller or an accumulat- 
ing flow indicator/controller. The 
6004 incorporates a V/F converter 
that accepts the 4- to 20-mA, 0 to 
10V, or 0 to 2V analog input. The 
P6000 version accepts pulse signal 
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inputs. Programmable features in- 
clude a 6-digit scale factor, a 6-digit 
offset or preset device, and two on/ 
off setpoints with open-collector 
outputs for control or alarm. All 
setup information is stored in non- 
volatile RAM. Four levels of pro- 
gram lockout provide for program 
security. An RS-232C interface 
with modem support is standard. 
P6004, $374; P6000, $275. 

Newport Electronics Inc, 22298 
Yale St, Santa Ana, CA 92705. 
Phone (714) 540-4914. FAX 715- 
546-3022. TWX 910-595-1787. 
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CHIP RESISTORS 


@ Handle as much as 1W of power 
® Tolerance is as low as 1% 

Models CRCW 2010 and 2512 thick- 
film chip resistors handle power lev- 
els of % and 1W, respectively, and 
are available with tolerances of +5 
and +1%. CRCW 2010 units are 
available with resistance values of 
3Q to 320 kQ, and you can order 
them with temperature coefficients 
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A 3480-compatible 

tape storage subsystem 
that gives you 

3480 performance at 

a price you 
can afford? 


| CAN 
DO THAT! 


Our Independence™ tape storage subsystem was 
designed from the start to give you a lot more. 

For a lot less. 7 

The low-cost subsystem is fully IBM® 3480 
compatible in recording format as well as media. And 
its unique features give you extraordinary design 
freedom. 

Like dual transfer rates (1 and 3 MB/second). And 
8” form factor modules to fit virtually all customer 
cabinets. Plus your choice of SCSI, STC or IPI-3 
interfaces. 

In addition, the Independence provides the lowest 
cost of ownership. The subsystem requires no 
preventive maintenance or field adjustments, and 
incorporates complete self test diagnostics. All this 
plus a 20,000 hour MTBF. 

Add our optional 7-Cartridge Stackloader, and you 
can provide the host with up to 1.4 GB of unattended 
backup capacity. 


The Cartridge 
Stackloader, with its 
removable 7-cartridge 
magazine. 


It’s amazing what 
a little Independence™ can do. 


Oo 
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LASER MAGNETIC STORAGE 
INTERNATIONAL COMPANY 


CONTROL 
DATA 


Corporate Headquarters Overseas Branch Office 
4425 ArrowsWest Drive P.O. Box 218, Bldg. HWA-1 
C dlorado Springs, CO 80907 5600 MD Eindhoven 
1-800-777-5674 The Netherlands 

(719) 593-7900 (31) 40-758753 


See us at Booth 728, COMDEX. Las Vegas Convention Center. 
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of +300 or +200 ppm/°C. The resis- 
tance range for CRCW 2512 devices 
spans 8Q to 240 kQ; temperature 
coefficients equal +300, +200, or 
+100 ppm/°C. The resistors feature 
wraparound terminations. A special 
nickel barrier serves to protect the 
inner electrodes and ensure reliable 
soldering. Designed for use with 
automatic placement equipment, 
the units are available in 12-mm 
tape-and-reel or bulk packaging. 
For 4000-piece reel of CRCW 2010 
unit (5% tolerance with a resistance 
of 100 to 240 kQ), $0.32; for a 2000- 
piece reel of CRCW 2512 unit (5% 
tolerance, with a resistance of 100 
to 240 kO resistors), $0.33. Deliv- 
ery, eight weeks ARO. | 
Dale Electronics Inc, 2064 12th 
Ave, Columbus, NB 68601. Phone 
(402) 371-0080. 
Circle No 376 


DIP SWITCHES 


@ Offer as many as 10 positions 

® Surface-mount style available 
The A3000 DIP is an spst DIP-type 
switch that provides a choice of as 
many as 10 switching positions. 
Three versions are available: the 
A3001 with 15° inclined leads, the 
A3003 with parallel leads, and the 
A3002 surface-mount version that 
features gull leads. Plug-in versions 
are compatible with automatic in- 
sertion equipment, and all three 
versions are immersion washproof 
and will accommodate ultrasonic 
cleaning procedures. The switch 
has a positive slide action, which 
produces good contact wiping ac- 
tion. Two of the package corners 
are beveled to facilitate the removal 
of the sealing tape. Standard ver- 
sions come with 4, 5, 8, or 10 on/off 
switches. Other versions are avail- 
able on request. $1 (1000) for an 
8-position unit. Delivery, stock to 
eight weeks ARO. 

Siemens Components Inc, 186 
Wood Ave §, Iselin, NJ 08830. 
Phone (800) 222-2203. 
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A 3480-compatible 
tape storage 
subsystem that 
fits your customer 
cabinet? 


Our Independence™ tape storage subsystem 
is the smallest and most flexible in the industry. 

With its 8” form factor, it’s suitable for tabletop, 
tower or rack cabinets. 

And the subsystem’s two modules can be 
mounted over/under, side-by-side, in-line or they 
can be separated by up to 10 feet—for complete 
packaging freedom. 

And with the optional 7-Cartridge Stackloader, 
you can have up to 1.4 GB of unattended backup 
capacity, with the complete subsystem 
packaged in a 10” high standard half-rack form 
factor. It can be fully or partially recessed into 
the host cabinet or surface mounted. 

Independence, the low-cost 3480 subsystem. 
From LMS, the industry leaders who brought 
you low-cost GCR. 


Each Independence 
module can be 
mounted 
horizontally or 
vertically. 


It’s amazing what 
a little Independence™ can do. 


LASER MAGNETIC STORAGE 
% . S INTERNATIONAL COMPANY 


PS AN D GrOUN TROL DATA J CRIN <T VrE NT QU CReE 


CONTROL 
DATA 


Corporate Headquarters Overseas Branch Office 
4425 ArrowsWest Drive P.O. Box 218, Bldg. HWA-1 
Colorado Springs, CO 80907 5600 MD Eindhoven 
1-800-777-5674 The Netherlands 

(719) 593-7900 (31) 40-758753 


See us at Booth 728, COMDEX. Las Vegas Convention Center. 
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ADAPTER 


@ Provides optical isolation 

@ Needs no external power 

The Opto-Adapt optically isolated 
adapter plugs into any RS-232C 
DB25 male connector and converts 
the transmit and receive signals to 
RS-422 levels. The RS-422 cable 
connects to the adapter through a 


Optical 
Encoders 


Unshakeable Quality 


terminal strip. Power for the con- 
verter’s RS-232C side is derived 
from the RS-232C signal lines. 
Power for the RS-422 side is sup- 
plied by an external 8 to 15V sup- 
ply, which connects to the terminal 
strip. Data-communications-equip- 
ment and data-terminal-equipment 
configurations are jumper se- 


from Standard Grigsby 


Our vibration-resistant SG-OE1 Series Optical 
Encoders feature a unique interlock design to assure 
perfect alignment for positive switching every time. 


@ Low Power Consumption 
® With or Without Pushbutton 


® TTL Compatibility 
® Available NOW 


Ask about our complete line of encoders 


920 Rathbone Ave./PO. Box 1528, Aurora, IL 60507-9990 USA 
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lectable. 


The adapter comes 
equipped with a female 25-pin RS- 
232C connector. A transmitter dis- 
able function is available as an op- 
tion. $120; external power supply, 
$10. 

Computer Dynamics Sales, 107 
S Main St, Greer, SC 29650. Phone 
(803) 877-8700. FAX 803-879-2080. 
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DC/DC CONVERTERS 


e Rated for 200W 

@ Available in a shielded case 
EMQ Series de/de converters offer 
power output ranging from 75 to 
200W. They accept 10 to 300V in- 
puts and provide outputs of 5 to 
48V. The units automatically latch 
off for any overvoltage or baseplate 
overtemperature condition. An alu- 
minum baseplate allows the con- 
verters to provide 50W outputs 
without airflow or heat sinks when 
mounted on pe boards. The convert- 
ers can be paralleled for increased 
power output or operated in the 
N +1 mode for system redundancy. 
They also have provisions for re- 
mote sense, voltage adjust, and ex- 
ternal synchronization. You can or- 
der the converters in an insulated 
and metalized case, which creates 
a 6-sided RFI shield. $95 to $175 
(100). 

Electronic Measurements, 405 
Essex Rd, Neptune, NJ 07753. 
Phone (201) 922-9300. 

Circle No 379 
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In Surface Mount 


TDK puts you at the leading edge of today’s 
most important surface mount technology developments— 
from a full range of multilayer SMDs 
to complete automatic mounting systems. 
Waiting inside is your introduction to 
TDK’s Total Surface Mount Technology. 


AE 
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ip Transformer 


ip transformer has absolutely no 
» TDK advancements in magnetic 
ive materials, and multilayer 

ansformer features a completely 


with inherent magnetic shielding. 


| 


Ferrite 


Terminai 


Conductor 


was developed to combine 

| high inductance up to 1000uH. 
ied magnetic circuit structure 
tic shielding, making this chip 
mounting applications. It features 
jand achieves a high Q factor. 


Ferrite core 


~ oe ee Terminal 


Ferrite core 


Winding 


Ferrite core 


MI Filter 

I Filter, ACF Series, is a 

chip bead and multilayer ceramic 
has an attenuation of over 
SOMHz frequency range and 
onstruction accounts for its 

: shielding characteristics. 

the Micro Chip EMI Filter, 
1.8mm (.07 inch) thick, it 

h for 


Ferrite 


Resin insulation 


Multilayer ceramic 
chip capacitor 


GND Temrminal 


ductor (Wound Micro Chip Inductor) 


Leadless EMI Filter (Wound Chip EMI Filter) 


The rendering of the EMI filter into a chip format 
has been considered essential for the creation of 
the smallest and lightest electronic products. TDK 
was one of the first to do it. Our leadless EMI 
filter is effective against EMI in signal lines, and 
has been designed for good solderability, thermal 
resistance, moisture resistance, and mechanical 
strength. 


Multilayer Ceramic 
Chip Capacitor 
Molded with 


Internal ; 
resin 


= . SN 
electrode : SY AN 


Terminal “te . 
Winding 


Ferrite core 


NLL4532 
C: 33~100,000pF L: 1~220uH 


Leadless Line Choke SF Coil 
(Wound Chip Line Choke) 


By employing advanced winding technology, TDK 
has developed magnetic material with excellent 
absorption of thyristor switching noise. Molded in 
resin, they are ideal for eliminating EMI in power 
supply lines for digital circuits. 


Internal electrode 


Molded with 
resin 
SFMR820 nee 
SFM0520 Terminal Core 
SFM1010 


Inductance: 0.8~10uH Rated Current: 1-2A 


Leadless Inductor/Power-Line 


Leadless Inductor (Wound Chip Inductor) 


TDK’s advanced winding technology together with 
compact ferrite cores with highly precise performance 
characteristics are what make 
TDK Leadless Inductor unique. 
Power-Line Leadless Inductor 
is ideal for EMI suppression in 
power lines with 60 ~ 1800mA 
current rating. Both feature 
metal terminals and come 
molded in resin for maximum 
reliability. 


NL322522 L: 0.01 (450) ~ 220,H (50mA) 
NL 453232 L: 1.0 (450) ~ 1,000nH (30mA) 
1,200 ( 


Molded with resin 
! 


Molded with resin 
(Shielded type) 


Internal electrode 


NL565050 L: 1,200 (75) ~ 10,000,H (25mA) oe 

NLF453232 L: 1.0 (150) ~ 1,000,H (15mA) Ferrite core 
[Shielded Inductor] Winding 

NLC322522 (850) ~ 330xH (60mA) 


L: 1.0 
NLGO453232 L: 1.0 (1050) ~ 220nH (120mA) 
NLC565050 L: 1.0 (1,800) ~ 1,000uxH (85mA) 


Leadless LC Trap (wound chip LC trap) 


TDK’s LC trap is a composite consisting of a | 
miniature coil and a multilayer ceramic chip capacit 
A new proprietary structural design affords higl 
accurate dimensional control, making this chip 
suited for fully automated mounting systems. 
Metal terminals insure excellent solderability. 


Multilayer Ceramic 
Chip Capacitor 


Molded witl 


WwW resin 
Internal electrode ~<—_- = 


Windin. 
Terminal 


ope Os 


NLT4532 
F range: 630kHz ~ 13MHz 
Tolerance: +2% Attenuation: 20dB min. 


Ferrite cor 


| 
@eeeeeeeeseeeoeeoeeeeeeoeeeoeoeeeseeneoeeeoeeoee 


Ferrite Chip EMI Suppressor 


This chip EMI suppressor features proprietary n 
materials and incorporates the latest advances 1 
chip technology. The device effectively eliminat 
EMI and prevents parasitic oscillation. A , TDK 
proprietary structural design insures high impedai 
per volume, and coverage over a wide frequenc 
range. 


Conductor 


Terminal 
Electrodo 


Resin insulation 
Ferrite bead 


CB201209 Zo: 7, 10, 112 CB322513 Zo: 31, 52, 602 
CB321611 Zo: 19, 26, 310 C€B453215 Zo: 70, 120, 1250 


NTC Chip Thermistor 


The Negative Temperature Coefficient chip 
thermistor is a temperature compensation devic« 
Although in chip form, it has the same basic 
performance characteristics as conventional lead-ty 
NTC thermistors. The NTC chip thermistor can 
also be utilized to make a temperature compensat: 
circuit on a PC board. Nominal resistance and 
temperature characteristic tolerances have been 
reduced to extremely low levels. 


Terminal 


NTC CS3216 R typical: 
1.0~ 150kQ at 25°C 
Temp. Range: —25~ +85°C 


Thermistor element 


Multilayer Ceramic Chip Capacitor 
This line of capacitors offers a wide range of 
capacitances, temperature characteristics, and sizes, 
with terminals designed for excellent solderability. 
As a leading manufacturer of ceramic capacitors, 
TDK remains committed to bringing you the highest 
possible product reliability and stability at all times. 


Terminal 


Ceramic dielectric 


Internal electrode 


C1608 (CC0603) C:0.5~ 22,000pF ©3225 (CC1210) C: 750 ~ 470,000pF 
C2012 (CC0805) C:0.5~100,000pF ©4532 (CC1812) C: 2,400pF ~ tyF 
C3216 (CC 1206) C: 0.5~220,000pF C5650 (CC2220) C: 5,100pF ~ 1.5uF 


Large-Capacitance Multilayer Ceramic 
Chip Capacitor 

Large-capacitance multilayer ceramic chip capacitor 
covers the capacitance range normally associated 
with electrolytics. It features a non-polarized 
construction and a long life. This large-value 
capacitor is seeing widespread use in switch-mode 
power supplies. 


C: 
C: 


Resin 


Terminal 


Ceramic dielectric 


Internal electrode 


HC1280 C: 2.2 ~ 22uF 
HC 1063 C: 1.5 ~ 10uF HC1612 C: 4.7 ~47yF 
TC: +20, —30% (—25~0+25~ +85°C) 


Multilayer Ceramic Chip Capacitor 
Network 


Through advanced multilayer and integration 
processes, TDK can incorporate a network of 

12 ceramic capacitors into a single chip, with your 
choice of capacitances and interconnection topologies. 
In addition, these networks are made of high- 
performance insulating materials, allowing other 
chips to be mounted directly onto the surface. 
This provides compatibility with the new generation 
of hybrid chip designs. 


Internal electrode 


- 


MCN7575 
TC; COH, 1 ~ 100pF (12 capacitors) 
“SL, 10 ~ 1,000pF (TC: — 1,000, +350ppm/°C) 


Terminal 


Class I, 100 ~ 470,000pF 
(12 capacitors) 


Simplifying High Density Placement-TDK Surface Mount Devices 


Multilayer Chip Inductor 


TDK created the world’s first inductor without 
windings by using alternating layers of ferrite paste 
and conductive silver paste. The unique properties 
of TDK ferrite give a monolithic closed magnetic 
circuit with excellent shielding properties, for 
suitability in high-density configurations. A whole 
series of multilayer chip inductors are available, 
starting with the smallest 2012 series. They measure 
only 2.0 1.25 x 0.6 to 1.25mm (.079 x .049 x .024 
to .049 inches). 


Conductor 


Terminal 


Ferrite 


MLF2012 L: 0.047 ~ 33yH 
MLF3216 L: 0.047 ~ 33yH 


Multilayer Chip LC Filter 


TDK’s multilayer technology and simultaneous 
sintering of magnetic materials and ceramic dielectric 
materials have created this advanced chip LC filter. 
An inductor, transformer, and capacitor are layered 
and integrated into a single monolithic chip measuring 
only 5x5x2.8mm (.197 x .197 x .110 inches). This 
closed magnetic circuit eliminates cross talk and 
makes this chip ideal for high-density mounting 
applications. 


MLF3225 L: 39 ~ 220uH 


Ceramic dielectric 


MXF3535H, B, L, D 
MXF4532H, B 
MXF5050H, B, L, D 

HPF, BPF, LPF, Delay Line 


Multilayer Chip LC Trap 
Multilayer Chip IF Transformer 


This Multilayer Chip LC Trap and Multilayer Chip 
IFT feature new chip construction obtained by the 
simultaneous sintering of different materials, such 
as ferrite and conductive and ceramic dielectric. 
Both house closed monolithic magnetic circuits 
which eliminate cross talk. Their compact size is 
ideal for high density mounting. 


Ferrite 


Internal electrode 


Conductor 


Ceramic dielectric 
Internal 


electrode 
Ferrite 


Terminal 


Conductor 


MXT4532 M1A4532 F: 455kHz 
MXT5050 MIF4532 F: 10.7MHz 
F: fo 3% 


F range: 700kHz ~ 10MHz 


Multilayer C 


This innovative c 
windings, thanks t 
materials, conduct 
technology. The t 
monolithic design, 


MTTA532 |: 10 ~ 200nH 
eeeeene02020208000680 
Micro Chip 
This chip inducto 
miniature size wit 
Its proprietary clc 
insures full magne 


ideal for high-densi 
low DC resistance 


Resin insulation 


~~ 


a 
ACL3225S 


ACL3225R 
L: 0.01~1,000nH 


Micro Chip I 
This Micro Chip 
combination of fe 
chip capacitor. Ez 
25dB in the 4.5 te 
its compact ferrit 
excellent magneti 
In addition, beca 
ACF Series, is 0 
matches IC pin p 
high density 
mounting. 


a 
3 = 
Terminal = : 


| 


BB 
ACF453218 


Attenuation: 25dB min. 
F range: 4.5~ 650MHz 


TDK’ Commitment To Total SMT Give: 
For Todays Competitive Marketplaces 


Multilayer Ceramic Chip 
Capacitor Network 


TDK TOTAL SURFACE MOUNT TECHNOLOGY 


You Unsurpassed Technology 


With the pressures to make products smaller, 
thinner and more reliable, you need a versatile 
SMT partner...that’s TDK. Our Total SMT includes 
the development of new materials, advanced multilayer 
SMDs, and sophisticated mounting systems. No one 
else gives you this level of expertise and support. 


New Materials Development For A Solid 


SMD Foundation 


The basis for all SMD product development is R&D 
in new materials and control, on the microscopic level, 
of individual crystals. TDK is one of the few firms 
having experience at the atomic level with these 
ultra-micron structures. Our expertise encompasses 
magnetic materials, ceramic dielectric materials, 
resistive materials and conductive materials. 

Raw materials are also the basis for total quality 
control—insuring you that quality is designed in from 
the start and not added on later. 


Advanced Multilayer Chip Devices For 
Performance, Reliability, and Added Value 


TDK’s advanced techniques in circuit design and 
multilayer and composite structures have opened the 
door to functional modules: single SMD chips 
containing complete circuit blocks. They handle 
more efficiently than super-miniaturized discrete 
components, and are ideal for the high density, high 
value-added circuit engineering of today and tomorrow. 
TDK has developed proprietary techniques for fine 
thick film printing, using many layers of magnetic 
pastes, ceramic dielectric pastes, and conductive 
pastes. Our multilayering processes create as many 
as 90 alternating layers in a single structure. 

Simultaneous sintering technology of different 
materials gives us total control over material behavior 
for highly predictable results. TDK was the first to 
succeed in simultaneous sintering of ferrite below 
1,000°C (1832°F)—a temperature formerly considered 
impossible—and apply it to multilayer SMDs with 
silver conductors. With these techniques, TDK 
overcame problems such as cracking, peeling, and 
distortion with mutual diffusion between layers— 
difficulties previously encountered in simultaneous 
sintering of different materials. 

TDK composite multilayer chip components 
made with this method feature closed magnetic 


circuits for excellent magnetic shielding. The low 
flux leakage avoids crosstalk with other components, 
permitting extremely high mounting densities. 
TDK multilayer SMD chips integrate complete 
circuit modules, greatly reducing the number of parts 
and solder connections, simplifying handling, and 
significantly improving reliability. This means you 
can create more compact designs with fewer parts, 
and achieve higher reliability and greater added value. 


Sophisticated Mounting Systems 
For Automation Flexibility 


There’s no company more qualified to develop 
surface mounting equipment than TDK...a company 
with unparalleled experience in surface mount 
technology. Our AVIMOUNT® series is the third 
part of our Total SMT commitment, providing you 
with a complete line-up of automatic mounters, 
satellite computers, and ancillary equipment for 
mounting chip components and flat package ICs. 

Their most outstanding feature is ‘““Sequencing.”’ 
This fixes the chip supply system with a programmable 
pick-and-place machine to select the right parts at 
the right time. In addition, systems using high- 
resolution vision cameras detect and correct skewed 
positions, bent leads, planarity, and the fiducial 
marks on the PC boards, for high mounting speed 
and precision. 

To achieve the greatest automation flexibility, 
the AVIC-7800EX satellite computer can control a 
complete, multi-machine, in-line plant. 


TDK’s commitment to SMT is as integrated as 
it is comprehensive: from advanced raw materials to 
revolutionary multilayer components, to complete 
turnkey mounting systems. For this most important 
of today’s technologies, make TDK your most 
important partner. 


i T DIK. 


SM Transformer/Inductor 


TDK’s highly miniaturized transformer/inductor is 
designed for today’s high-density surface mount 
applications. The component features two distinct 
cores: one high-permeability ferrite core, and one 
low-loss ferrite core with high saturation magnetic 
flux density. The former is well-suited for applications 
requiring a high-performance _ Ferrite core 
pulse transformer or ] ae Winding 
wide-band transforme = 
while the latter is 
optimized for high- 
Terminal aa aa DC 


DC converters. 
ee: ES Terminal 


EES, EE12, ER9.5, ER11/5, ER14.5/6, T2 


ly Line is of a 

» and incorporate 
of original TDK 
-omprised of a chip 
chip capactior. 
lable compact unit. 


‘ultilayer ceramic chip capacitor 


CX-5030DD 
CX-5030DV 


CX-5230NS 
nt OES Aae/ 
Automatic Chip Component Mounter 
is ideal for upgrading line capability according to the 
\flexible, the CX-5230NS has 10 nozzles to mount 8-32mm 
0030F has five nozzles to mount odd shaped components. 
X-5030DV have two mounting heads. These machines 


lax.) of 8-32mm tape widths. The CX- heael equipped 


3s Board dimensions 


Unit dimensions 
mm (inches) _ . _mm (inches) 


1180L x 1160W x 1573H 
(46.46L x 45.67W x 61.93H) 


conor 


30 types 3.3 Sec. 


Max. 457L x 356W 
(17.99L x 14.02W) 
Min. 90L x 60OW 

(3.54L x 2.36W) 


) CX-6160 
Automatic Chip Component Mounter 


self, two mounting 

he AVIMOUNT CX-6 

000 components/hr. 

zles and the unit 

ypes of components— 

| components. 

olished by simple 

ous manufacturing of 

mponent changeover. 

the system 

ons components, thereby assuring high mounting precision. 
PC Board dimensions 

mm (inches) 


P NMax. 4571. x356W (17.99L x 14:02W) 
Min. 90L x 6OW (3.54L x 2.36W) 


Unit dimensions 
mm (inches) 
2980L x 1430W x 1548H 
(117.32L x 56.30W x 60.94H) 


SM Step-up Inductor 

(For Unimorph Piezoelectric Buzzer) 

This miniature step-up inductor features high 
inductance, and works with the unimorph piezo- 
electric buzzer circuit to produce high sound pressure 
levels. The inductor is compatible with fully 
automatic mounting systems. 


Ferrite core Terminal 


Winding 


Resin 


ly HAA 


Sab 


OL3.3 x 1.6 
OL3.3 x 2.1 


Satellite Computer System 


The AVIC-7800EX satellite computer system 
can control up to eight AVIMOUNT machines. 
When you put an AVIC-7800EX in your 
production line, you get equal load capacities 
since program instructions are dispensed in a 
well-balanced manner. 


FUNCTIONS 

1) DNC communications 2) Achievement and 
schedule management 3) Sequential manufacturing 
line management 4) Machine control 5) NC 
Program management 6) Automatic program 
generation for respective machines 7) Program 
compiling and editing for respective machines 
8) Communication with the host computer in 
TDK standard format 


eramic Chip Filtere10.7MHz 

mpact TDK 10.7MHz Ceramic Chip Filter for 
Ui tuners is perfect for automatic mounting 

4x 3.3 x 1.2mm—.25 x .13 x .05 inch). Its original 
psulated metal terminals allow for excellent 
lderability and prevent silver migration. 


Terminal 


Piezoceramic 


Terminal 


F1070 
10.7+0.03~ +0.12MHz 


ee ee 


SM Pulse Transformer 


This surface mount pulse transformer achieves 
miniaturization through advanced winding technology 
and a small, high performance toroidal ferrite core. 
Its high level of reliability makes it ideal for signal 
transmission applications. 


Molded with 


. . “GH / resin 
Toroidal coil Ui), AY 


Terminal 


Gr < 


CPT6 x6 L: 10~100yH 


CPT10 x 10 L: 100~1,000yH 
Winding ratio N1:N2; 1:1 a 


Winding ratio N1:N2:N3; 1:1:1 


RX-4260 
C4 Automatic Chip Component Mounter 


le AVIMOUNT RX-4260 high-speed mounting 
stem is ideally suited to factory automation 
quirements. It features a rotary disk head—an 
dustry first. In addition, the RX-4260 has a 


quential supply system for easy batch changeover “2 


d for communication with the system’s host 


mputer. And, since the RX-4260 is a core eae it c can link we 
her types of machines for increased component mounting capacity. 
yr example, an RX-4260 linked to a CX-5030 mounter can handle up to 


) different types of components. 


PX-4260 


8, 12mm taping 


CX-4240 
bod IC Mounter with Vision Cameras 


he AVIMOUNT CX-4240 is a special-purpose mounting 
rstem designed for extremely high mounting precision. 
system with two high-resolution vision cameras detects and 
yrrects skewed positions, bent leads and planerity, and 
jucial marks on the PC boards. Any problems are quickly 
yrrected, for high levels of precision and accuracy. The 
X-4240 handles flat package ICs, and can accommodate 

9 to 40 types of SOPs, QFPs, PLCCs, and LCCs. The 
nozzle design enables the mounting of threé ICs in a single 
peration, with speeds as fast as 2.5 seconds per component. 


a 12~36mm taping, 
2 4240 APE PAK®, MSPAKs 


2460L x 2200W x 1600H 
(96.85L x 86.61W x 62.99H) 


Max. 381L x 305W (15.00L x 12.01W) 
Min. 150L x 100W (5.91L x3.94W) 


7 ELT (20,00Lx 17.99W)| 1 


Min. 90L x 6OW (3.54L x 2.36W) 


SM Active Delay Line 


This Surface Mount Active Del 
5 output lumped constant natur 
Fast TTL elements. A product 
design, each active delay line is 
inductor and multilayer ceramic 
Together they form a highly rel 


Molded with resin 


Inductor 


ad 


SAD Delay Time: 20 ~ 250nsec. 


avimoul 


The AVIMOUNT CX-5 Series | 
manufacturing scale. Compact anc 
taping components and the CX- 
Both the CX-5030DD and the C) 
mount 30 types of components (m 
with a dispenser,mounts compo! 
onto solder paste. The CX-5030 
equipped with vision cameras, 
precisely mounts components b) 
utilizing image processing. 


16~32mm | 
taping, stick | 


| 
| 
CX-5030DV | 


aes. stick, tray 


avimou 


A complete FMS package in its 
heads and one sequence head let t 
realize a mounting speed of 12, 
Each mounting head has 20 no: 
can handle a maximum of 160 ty 
from micro chips to odd shapec 
Lot changeover 1 is easily accom 
programming, allowing continu: 
various types of PCBs without cc 
Equipped with a vision camera, 
a centers and positi 


TDK SMDs at a glance TDK 


Product name Product name 


en 


Multilayer Ceramic Chip Capacitor Micro Chip EMI Filter 


C1608 (CC0603) (EIA Style) 1.6 [.063] 0.8 [.031] 0.9 [.035] max. 
0.6 [.024] 
] 


2.0 [.079] 1.25 [.049] 0.85 [.033 


1.25 [.049] 


1.6 [.063 
25 (098) [1.9 1.075) 


[. 

2.5 [.098 1.9 [.075] max. 
45 [177] (3.2 [.126) 1.9 [.075] max. 
5.6 [.220] 5.0 [.197] 1.9 [.075] max. 


&& 


C2012 (CC0805) 


6.6 [.220) [5.0 [.197] , 


C3216 (CC 1206) 


C3225 (CC1210) 
C4532 (CC1812) 


C5650 (CC2220) 


2 
Jt [as [a7] [a2 (126) [3.2 1.126) 
<a [se [220] [8.0 L197) |5.0 [197] 


0 [.197] 0 [.236] 


5 6 
10.0 [:394] 


SFMR820 S 
SFM0520 6.0 [.236] 
SFM1010 


7.5 [.295] 0.9 [.035] Leadiess LC Trap (Wound Chip LC Trap) 


oe 65 Lia 3.2 [.126] 3.2 [.126) 


Leadiess EMI Filter (Wound Chip EMI Filter) 


NLT4532 


Multilayer Chip Inductor 


2.0 [.079] 


1.25 [.049] 
3.2 [.126] 
3.2 [.126] 


MLF2012 


MLF3216 


MLF3225 


Multilayer Chip LC Filter 


NLL4532 


Ferrite Chip EMI Suppressor 


CB201209 
MxFa5951 3.5 [.138] 3.5 [.138] 2.3 [.091] asia 
3.5 [.138] 3.5 [.138] 2.8 [.110] 
LPF CB322513 
MXESOSOL 5.0 [.197] 5.0 [.197] 2.3 [.091] age 
5.0 [.197] 5.0 [.197] 2.8 [.110] 
3.5 [.138] 35 [.138] 2.3 [.091] 
MXF35358 3.5 [138] 
wes) 3.5 [138] 3.5 [.138] 2.8 [.110] 1.25 [.049] 0.9 [.035) max. 
Mxesecle - 50 [| 187) 50 | 197) 2.3 [.091] 
<SgoP 3" [5.0 [197] 15.0 [.197] [2.8 [.110] 1.6 [.063] 1.3 [.051] max. 
- 3.5 [138] 3.5 [.138] 2.3 [.091] 
os HPF 3.5 [.138] 3.5 [.138] 2.8 [.110] Ceramic Chip Filter-10.7MHz 
MXF5050H 9.0 [.197] 2.0 [.197] 2.3 [.091] CEF1070MA 
3.5 |.138) 3.5 [.138] 2.3 [.091] CEF1070NA 
lal Delay Line 3.5 [.138] 3.5 [.138] 2.8 [.110] | CEF1070MS 
5.0 [.197] 5.0 [.197] 2.3 [.091] 
MXF5050D 5.0 [.197] 50 [.197] 28 [.110] SM Pulse Transformer 
MXF4532B|BPF (FM) | : 4.5 [.177] 3.2 [.126] 2.2 [.087] CPT6 x6 6.9 [.271] 6.5 [.255] 
— 
MXF4532H | HPF (TV) 45 [177] 3.2 [.126] 1.6 [.063] 


CPT10 x 10 


Multilayer Chip LC Trap 


i ' 


‘5 [47 
45. [17] 


2.8 [.110] 


SM Active Delay Line 
SAD020 


MXT5050 


12.6 [.496] 11.6 [.457] 4.7 [.185] 


| SS 


Multilayer Chip Transformer 
MTT4532 


8.2 [.323] max.|6.5 [.256] max. 


12. j 
15. ] 
] 


EE12/5/6 


4.5 [.177] 3.2 [.126] 2.8 [.110] max. 
a ee 
v = 197 0 [.197 2 QI a 
|MTTS050 | 0 [.197] 5.0 [.197] 3 [.091] max. |TEp9-e75 : TET al 
Micro Chip Inductor (Wound Micro Chip Inductor) Julie 130 1812) inex, 120 i ee a = 


ER14.5/6 17.2 [.677] max. 5 [.610] max. | 7.2 [.283] max 
.o [.217] max. | 2.5 [.098] max. 
ACL3225S 1G) 3.2 [.126] 2.5 [.098] 2.5 [.098] 
Cae SM Step-up Inductor (Unimorph Piezoelectric Buzzer) 
Wp B 
ACL3225R 1@ y, 3.2 [.126] ¢2.5 [.098] _ | 
WY 1 4 on, [5-4 [.213] : 
t 


To receive a copy of TDK’s SMT catalog, containing all SMDs and AVIMOUNT® systems, contact the TDK office nearest you. 
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(213) 539-6631 DETROIT DISTRICT OFFICE Phone: (313) 353-9393 NEW JERSEY DISTRICT OFFICE Phone: (201) 736-0023 BOSTON DISTRICT OFFICE Phone: (508) 624-4262 
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i: RUML. 1. ANALOGZ WZ: RUML.1. ANALOG W3: Table Vigw 


‘| {26] 18.2 | (28) 12.3 | [20] 7 
| [21] 15:3 | [21] 11.4 | [21) 5.3 
1 {223°19:97 | (22] 21.5 | [22] 2.77 
| {29} 24.6. | [23] 17.6 24 


i2.8- MAX = 6. 


2 _ 
| [23] 6.7 


| {25] 22.3 | [25] 19.9 | [25] 4.6 
:{26] 21.1 | [26] 18.6 | [28] 4.8 


‘396.9 458.6 
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Signal Processing 


Flexible, expandable, customizable — annotate your 
graphs and send them to printers, plotters, or publishing 
packages. Create your own macros, automate routine 
tasks, and run any program written in any language from 
within DADiSP. DADiSP even lets you build 


your own menus. 


A proven standard — already used by 
thousands of engineers and scientists world- 
wide, in a whole range of applications like 
medical research, chemistry, vibration 
analysis, communications, manufacturing 
quality control, test & measurement, and 
more. DADiSP supports the IBM PC 
and PS/2, SUN, DEC VAX, HP 9000 and 
Concurrent families of personal computers 
and workstations. 
GET THE PICTURE! 
CALL TODAY 617-577-1133 


DADiSP — interactive graphics and data analysis soft- 
ware for scientists and engineers. DADiSP 2.0 delivers 
unprecedented power, through easy-to-use menus. Choose 
from hundreds of analysis functions and graphic views — 
from tables to 3-D. Simultaneously display 
multiple windows, each with different data or 
analyses, for unlimited perspective on your 
toughest data analysis problems. 


Build your own analysis worksheets — 
build and display an entire signal processing 
chain, without programming. And DADiSP’s 
powerful graphic spreadsheet automati- 
cally recalculates and updates the entire 
chain if you change your data or a 
processing step. 

Do serious signal processing...the way 
you always pictured it! FFTs, digital filter 
design, convolutions, waterfall plots, and more 


— all at the press of a key. 


Let your instruments do the talking — use DADiSP- 
488 to bring data from your instruments directly into a 


Ask for our Evaluation Disk. For more 
information, write to DSP Development Corporation, 
One Kendall Square, Cambridge, MA 02139, 


or FAX: 617-577-8211. 


DSP 


Development 
Corporation 


DADiSP window for immediate viewing and analysis. 


Australia-Interworld Electronics, 03 521-2952; England-Adept Scientific, (0462) 683355; Biosoft, (0223) 68622; Finland-Turion, 0-372-144; 
France-SMQI, (1) 34810178; Sacasa, 69077802; West Germany-Datalog, (02166) 46082; Stemmer Electronik, 089-809 02-0; Israel-Racom Electronics, 
03-491-922; Italy-BPS Computers, (02) 61290221; Japan-Astrodesign, 044-751-1011; Netherlands-Computer Engineering Roosendaal, 01650-57417; 
New Zealand-GTS Engineering, (09) 392 464; Sweden-Systek, 013 110140; Switzerland-Urech & Harr AG, 61 611325; Taiwan-Advantech, 2-351-2117 
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8-CHANNEL DRIVER 


@ Features 80V-rated outputs 
®@ Contains address decoder and 
latches 

Containing a number of improve- 
ments over earlier versions of this 
type of device, the MIC4807 8-chan- 
nel driver is pin compatible with the 
Sprague UCN4807 and a direct re- 
placement in most applications. The 
M1IC4807 operates as high as 100V, 
draws only 10 mA of supply cur- 
rent, doesn’t need a 5V base-drive 
supply, and functions in a failure 
mode to 80V. The MIC4807 also fea- 
tures a built-in current limiter that 
holds the sink current to 200 mA 
in the event of a short circuit to the 
positive supply, and an over-tem- 
perature sensor that shuts down all 
the outputs when the chip tempera- 
ture exceeds 145°C. The sensor cir- 


FAST COMPARATORS 


@ Have 4.5-nsec propagation delay 
@ Single and dual versions avail- 
able 

The single AD9696 and dual 
AD9698 TTL-compatible compara- 
tors feature a typical propagation 
delay of 4.5 nsec (7 nsec max). The 
devices, which are suitable for high- 
speed communications and auto- 
matic-test-equipment applications, 
also feature an offset voltage of 2 
mV max and a 1.7-nsec setup time. 
Both devices are configurable for 
two input-voltage ranges. Using a 
single 5V supply, the comparator’s 
input range is 1.4 to 3.7V. Using a 
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i Temperature Stable [-— 


| Reterence Generator] Co! 


Address 
Decode Latches 


cuit restores operation at 45°C. 
Logic inputs are TTL and CMOS 
compatible. The MIC4807 comes in 
an 18-pin plastic DIP. $3.95 (100). 
Delivery, stock to 45 days ARO. 


dual +5V supply, the input range 
extends from 2.2 to 3.7V. The dual 
AD9698 is particularly useful in ap- 
plications that require close match- 
ing between units. The comparators 
are available in commercial- and 
military-temperature grades. The 
AD9696 is packaged in 10-pin TO- 
100 metal cans, 8-pin ceramic DIPs, 
or 8-pin SOICs. The AD9698 is 
packaged in either 16-pin ceramic 
or plastic DIPs, or 16-pin SOICs. 
AD9696, $3.50; AD9698, from $6 
(100). 

Analog Devices, Literature Cen- 
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (919) 668-9511. 

Circle No 395 


POWER OP AMP 


® Operates from supplies to +35V 
@ Has a 5A (10A pk) output rating 
Packaged in an 11-pin high-power 
plastic package, the OPA541AP 
power op amp features a + 35V sup- 
ply rating and a continuous output- 
current rating of 5A (10A pk). The 


G) HvouT2 | 


Driver f* 
—_ 
Driver eS 


Circuit 


ie 
Circurt 


(8) HVOUTs 


(3) HVOUTS 


HVOUTs — 


Micrel Inc, 560 Oakmead Pkwy, 
Sunnyvale, CA 94086. Phone (408) 
245-2500. FAX 408-245-4175. TWX 
910-379-0007. 

Circle No 394 


open-loop gain at 10 Hz is 97 dB 
typ (90 dB min), and the small-sig- 
nal bandwidth is 1.6 MHz. The plas- 
tic package, which has a copper lead 
frame to maximize heat transfer, 
has a junction-to-case thermal resis- 
tance of 2.5°C/W at a 60-Hz output. 
With no heat sink, the junction-to- 
ambient thermal resistance is 40°C/ 
W. From $9.95 (100). 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746- 
1111. FAX 602-889-1510. 

Circle No 396 


AUDIO PROCESSOR 


® Contains multiple functions 
@ Features a 100-dB dynamic 
range 

Called a Dynamic Range Processor, 
the SSM-2120 combines multiple 
signal- processing functions in a sin- 
gle monolithic chip. Packaged in a 
22-pin DIP, the SSM-2120 permits 
full access to its two voltage-con- 
trolled amplifiers and level detec- 
tors. Depending on the connection 
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Avantek MagiC" 
High Speed ICs 

Enable Superior 
System Designs 


The new MagIC™ series of silicon 
bipolar MSI integrated circuits 
offer the best performance 
available from silicon ICs yet. 
The broadband, high frequency 
performance of these high-speed 
silicon ICs make them cost- 
effective alternatives to more 
expensive GaAs ICs. Avantek 
MagIC silicon ICs are manufac- 
tured with Avantek’s proprietary 
10-15 GHz Ft, 25 GHz Fmax Isosat™ 
process for unsurpassed integra- 
tion and performance at micro- 
wave frequencies. Avantek’s 
MaglC series ICs presently con- 
sists of four product families: 
low noise amplifiers, active mix- 
ers, variable gain control ampli- 
fiers, and prescalers. These 
low-cost, high-speed silicon ICs 
are Avantek’s magic solutions 
to your RE, microwave and light- 
wave system performance and 
cost problems. 


High Performance, 
High Speed, 
Low Cost... 


The INA-series of two-stage low- 
noise amplifiers presently con- 
sists of three models, offering: 

e 3 dB bandwidths to 2.8 GHz 
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e Gains as high as 32 dB 

e Noise figures as low as 
1.7 dB 

e Prices as low as $22.00 
each* in hermetic 70 mil 
surface mount package 


The IAM-series of active mixer/ 
amplifiers presently consists of 
two models, offering: 
e RF and LO frequency range 
of .05 to 5.0 GHz 
e Conversion gain as high as 
15 dB 
¢ LO power as low as —10 
dBm 
e Prices as low as $16.00 
each* in hermetic 180 mil 
surface mount package 


The IVA-series of variable gain 
control amplifiers presently con- 
sists of two models, offering: 
e 3 dB bandwidths to 3.0 GHz 
e 30 dB gain control range 


OW PUTALITTLE 
AVANTEK MAGIC 
IN YOUR SYSTEM 


e Gains as high as 26 dB 

e Prices as low as $28.50 
each* in hermetic 180 mil 
surface mount package 


The IFD-series low phase noise 
static prescalers offer: 
e Divide-by-4 to 5 GHz 
e Low 125 mW Power Con- 
sumption 
e Prices as low as $18.50 
each* in hermetic 100 mil 
surface mount package 


*Price for 1000 piece quantities 


MagIC” ICs Are Avail- 
able in Quantity for 
Volume Applications 


Avantek presently produces 
more than 1,000,000 MMICs per 
month. So you can be assured 
the MagIC high speed ICs you 
need will be available to support 
your volume production pro- 
grams. And, all MaglC silicon 
ICs are in stock at your local 
Avantek distributor. 


For additional information, or 
the name and address of your 
local distributor, contact the 
regional sales office nearest you. 


Regional Sales Offices 
North America 
Eastern: (301) 381-2600 
Central: (312) 358-8963 


( 
Western: (805 ) 373-3870 
( 44) 276-685753 


European: 
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of external components, the chip 
can perform numerous dynamic- 
range processing functions such as 
companding, automatic gain con- 
trol, compression, peak limiting, 
and noise gating. The chip’s class-A 
amplifiers offer a dynamic range of 
100 dB with 0.01% THD. The SSM- 
2120 operates from a 5 to 18V sup- 
ply. $4.15 (100). 

Precision Monolithics, Box 
598020, Santa Clara, CA 95052. 
Phone (408) 727-9222. FAX 408- 
727-1550. 
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12-BIT ADC 


® Self-calibrating 

@ Includes S/H circuit 

The ADC1241 12-bit, +sign A/D 
converter combines a self-calibra- 
tion capability with an on-chip S/H 
circuit. The self-calibration feature 
includes autozero capability during 


Dual Lock™ brand Reclosable Fasteners 


With 3M’s reclosable fasteners, access panels and 
doors simply pull open and push shut. These 
fasteners have a strong, pressure sensitive adhesive 
backing for immediate attachment and long-term 
performance. They replace cumbersome and 
unsightly conventional fasteners, eliminating the 
need to drill holes and refinish surfaces. So produc- 
tion is faster, manufacturing costs less and access 


is easier. 


©1989 3M. “Scotchmate” and “Dual Lock” are registered trademarks of 3M. 


every conversion and corrects zero- 
and full-scale errors to <+1 LSB 
and linearity errors to +’2 LSB. 
The ADC1241 has a maximum con- 
version time of 13.8 wsec and is 
guaranteed to have no missing 
codes over its operating-tempera- 
ture range. The ADC uses succes- 
Sive-approximation conversion and 
has an analog-input voltage range 
of 0 to 5V (unipolar) or —5 to +5V 
(bipolar). The digital output is 2’s 
complement in a 13-bit parallel 
word. The yP interface is compat- 
ible with high-speed processors, 
and input/output lines are compat- 
ible with TTL and CMOS logic. The 
ADC1241 uses an external 5V ref- 
erence and operates from a +5V 
supply. 28-pin ceramic DIP, $15.90 
(100). 

National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 721-2273. TLX 346353. 
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Faster fasteners for 
access panels. 


MICROPROCESSOR 
@ 3-chip set 
® Optimized for real-time opera- 
tions 
The MAS281 pP is a MIL-STD- 
1750A, 16-bit CPU that consists of 
three chips: the MA17501 execution 
unit, the MA17502 control unit, and 
the MA17503 interrupt unit. These 
three units are mounted and inter- 
connected on a 64-pin dual-in-line 
ceramic substrate. The MAS281 is 
optimized for real-time I/O and 
arithemetic-intensive operations 
and supports a 64k-word address 
space. You can add the optional 
MA17504 memory-management 
chip to expand the address space 
to 1M words. Key features include 
a parallel multiplier/accumulator, a 
32-bit barrel shifter, an instruction 
prefetch queue, and a multiport. 
register file. Other features include 
built-in test capability, A and B in- 
terval timers, and a start-up ROM 


Scotchmate™ brand Hook and Loop Reclosable Fasteners 


Name 


Address 


| 

| 

| 

Company 
| 

| City 


[ FREE SAMPLES. For more information and free samples of 3M fasteners, = 
mail to 3M Industrial Specialties Division, 3M Center Bldg. 220-7E-01, 
St. Paul, MN 55144-1000. 


Phone 


State 


Zip 
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Some designers 
_already take enclosures 
very seriously. 


Successful designers call it their “how-to book” for 
perfection. It’s filled with the most advanced, aesthetically 
beautiful packaging solutions in the world. 


The comprehensive Rittal Handbook. It’s easy to get, 
and it’s free. Just give us a call and we'll tell you how you 
can take your designs all the way to perfection...with 
enclosure systems from Rittal. 


1-800-637-4425 


RITTAL Corporation, 3100 Upper Valley Pike, P.O. Box 1284, Springfield, Ohio 45504, Tel: (513) 399-0500, Fax: (513) 390-5599 
CANADA, RITTAL LTD., P.O. Box 986, Oakville, Ontario L6J5E8, Tel: (416) 338-2440, Fax: (416) 845-5901, Telex: 6968914 
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interface. Manufactured in a CMOS 
silicon-on-sapphire process, the 
MAS281 features low-power and 
high-speed operation. Prototypes, 
from $2000. 

Marconi Circuit Technology, 45 
Davids Dr. Hauppauge, NY 11788. 
Phone (516) 231-7710. 
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QUAD 8-BIT DAC 


© Has four buffer-amplifier outputs 
® Has a cascadable serial interface 
The MAX500 contains four 8-bit 
DACs, which feature double-buff- 
ered digital inputs and independent 
voltage outputs through four buffer 
amplifiers. Compared with a paral- 
lel interface, the chip’s cascadable 


It’s faster 
3 ap 
than phoning! 


Before phoning a supplier to get their new catalog, reach for 
your 1989 Thomas Register. Because its 7-volume Catalog File 
Section (Volumes 17 to 23) gives you instant access to nearly 
10,000 pages of the latest catalog data from more than 1,400 


suppliers. 


You could save days—or even weeks of time—while increas- 


ing your options enormously. 


If you don’t have the latest Thomas Register in your depart- 
ment, just use the reader service card for subscription details. 
Or to order a set call toll-free: 1-800-222-7900 Ext. 200. 
(Sorry we can’t make that any faster than phoning.) 


Thomas Register of American Manufacturers 
One Penn Plaza, New York, New York 10001 


CIRCLE NO 39 


276 


2- or 3-wire serial interface requires 
fewer package pins and reduces iso- 
lation requirements. In the 3-wire 
serial mode, the MAX500 shifts 10- 
bit words (2 address bits and 8 data’ 
bits) from the serial-data line to an 
on-chip shift register. On the Load 
command, the chip transfers its 
shift-register data to the DAC reg- 
ister indicated by the address. The 
host processor can shift in three 
more words to update the remain- 
ing registers, and then simultane- 
ously update the converter outputs 
by strobing Load DAC. The 
MAX500 works with dual supplies 
or with a single 12 to 15V supply 
and is available in 16-pin DIP or 
SO packages. From $12.60 (100). 
Maxim Integrated Products, 120 
San Gabriel Dr, Sunnyvale, CA 
94086. Phone (408) 737-7600. 
Circle No 400 


1/0 CONTROLLERS 


®@ For PC applications 
® Contain serial and parallel ports 
Designed for PC I/O applications, 
the SAB 82C250-N and SAB 
82C251-N contain both serial and 
parallel ports. The 82C250-N inte- 
grates two serial I/O ports with a 
parallel (bidirectional) printer inter- 
face. The 82C251-N contains one se- 
rial I/O port and one parallel inter- 
face. The 82C250-N is pincompa- 
tible with the industry’s 16C452; 
the 82C251-N is pin compatible with 
the 16C451. The devices offer the 
additional capability of using the 
parallel port in IBM PS/2 register- 
compatible mode. The serial output 
ports are fully compatible with the 
SAB 16C450. In 68-pin plastic 
leaded-chip carriers: SAB 82C250- 
N, $10; SAB 82C251-N, $7 (1000). 

Siemens Components Inc, Inte- 
grated Circuit Div, 2191 Laurel- 
wood Rd, Santa Clara, CA 95054. 
Phone (408) 980-4526. 
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Multiply your DSP system 


New High-Performance 


Multipliers At 
Competitive Prices. 


You can improve a cost! 
performance ratio two 
ways: lower the cost or 
boost performance. We're 
doing both. 

Introducing higher- 
performance multipliers 
at prices you d expect | 
from commodity-quality — 
vendors. 

These new 16-bit 
multipliers offer function 
flexibility and performance 
fast enough for real-time 
signal processing and con- 
trol: 35 ns maximum 
clocked time to multiply 
for commercial temper- 
atures. All draw 90% less 
power than slower bipolar 
multipliers — 750 mW 
Maximum at rated speed. 


erformance, not your 


system cost. 


Ask for our brochure and 
see how our multipliers 
meet your system price and 
performance goals. 

%- Contact Harris 
Semiconductor, Mercure 


Centre, Rue de la Fusee 
100, 1130 Brussels, 
Belgium. Phone 

(32) 2-246-2330. 


e The HMU16’s 
separate clocks 
simplify bus 

— interfacing. 

P ¢ The HMU17’ssingle 


clock and separate 


And all Aes 
compatible with 


industry standard — enables are geared to 
multiplier functions, microprogrammed 
pinouts and packages. systems. 

e The HMU18’s What your vision of the 
Different Configura- dedicated 32-bit output future demands. leday- 
tions Handle bus accommodates cme HARRIS 
Different Needs. 7 


HARRIS >: ROR: ee INTERSIL 


faster I/O applications. 


©1989, Harris Corporation 
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FILTER DESIGNER 


® Handles IIR, FIR, and Parks- 
McClellan filters 

@ Runs on Macintosh SE and Mac 
IT computers 

MacFilter is a filter-design and 

-analysis program that runs on 

Macintosh SE and II computers and 

is similar to the vendor’s FDAS2 

package. The program provides ex- 

tensive error checking and detailed 


1,259,580 
Filters 


Lowest prices in America 
on small quantities 


0.1 Hz to 500 MHz 


1,239,580 standard filter 
types 0 Miniature and 
subminiature sizes 0 
Passive and active 
types 0 Telemetry 

filters O Gaussian, 
Butterworth, Cheby- 
shev designs 0 Call 

or write for free 
Catalog today. 


TTE 


TTE, Inc. es 
11652 W. Olympic Blvd. 
Los Angeles, CA 90064 
(213) 478-8224 
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help screens. You can design and 
analyze three general types of fil- 
ters: FIR (Finite Impulse Re- 
sponse), IIR (Infinite Impulse Re- 
sponse), and  Parks-McClellan 
Equiripple FIR. The IIR feature 
lets you design lowpass, highpass, 
bandpass, and bandstop filters with 
Butterworth, Chebyshev, elliptic, 
and Bessel responses and orders as 
great as 40 for lowpass and high- 
pass and 80 for bandpass and band- 
stop filters. The IIR feature lets 
you design differentiator and multi- 
band filters in addition to the FIR 
types; a filter may have as many 
as 2048 taps, and you can use rec- 
tangular, Hanning, Hamming, tri- 
angular, Blackman, or Kaiser win- 
dow functions. The Parks-McClel- 
lan feature lets you design Hilbert 
transformers and arbitrary-magni- 


tude filters in addition to the IIR 
types; a filter may have as many 
as 400 taps. When you have com- 
pleted your filter specification, you 
can call up a separate code genera- 
tor that automatically generates as- 
sembly-language source code for 
the Motorola 56001 processor. To 
maximize precision and dynamic 
range, the system uses double-pre- 
cision (64-bit) floating-point compu- 
tations. For output to the target 
processor, however, you can select 
one of a variety of fixed-point, float- 
ing-point, and block-floating-point 
formats. MacFilter, $995; 56001 
code generator, $200. 

Momentum Data Systems, 1520 
Nutmeg PI, Suite 108, Costa Mesa, 
CA 92626. Phone (714) 557-6884. 
FAX 714-557-6969. 
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ELCO P Series Worldwide 
Input Power Supplies 


15 watt to 1500 watt models, single output 

PMC versions; multiple outputs; 15 watts up to 100 watts 

UL, CSA & TUV approved, or pending 

High Efficiency—up to 4.2 watts per cubic inch on P1500 

Molex or screw terminals (most models) 

Meets FCC & VDE EMI requirements; high MTBF 
Smaller than industry standard footprints 

341 Cobalt Way, #206, Sunnyvale, CA 94086 ELL L/ 

Phone 800 888-ELCO; FAX 408 732-5049 


See us at NORTHCON Booth #2336 and WESCON Booth #2258 
CIRCLE NO 22 
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For information contact: 
K-Tronics, a division of K.T. Electronics. 
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THIRD-GENERATION INTERACTIVE 
CIRCUIT ANALYSIS. MORE POWER. 
MORE SPEED. LESS WORK. 


MICRO-CAP III,” the third generation Modeling power leaps upward as 
of the top selling IBM® PC-based interac- well, to Gummel-Poon BJT and Level 3 
tive CAE tool, adds even more accuracy, MOS — supported, of course, by a built-in 
speed, and simplicity to circuit design and Parameter Estimation Program and 
simulation. extended standard parts library. 
The program’s window-based opera- ILE There's support for Hercules® CGA, 
tion and schematic editor make circuit Transient analysis MCGA, EGA and VGA displays. Output for 
creation a breeze. And super-fast SPICE- —— a laser plotters and printers. And a lot more. 
like routines mean quick AC, DC, Fourier The cost? Just $1495. Evaluation ver- 
and transient analysis — right from sions are only $150. 
schematics. You can combine simulations Naturally, you'll want to call or write for 
of digital and analog circuits via integrated a free brochure and demo disk. 
switch models and macros. And, using 
stepped component values, rapidly gener- 
ate multiple plots to fine-tune your circuits. 
We've added routines for noise, impe- 


dance and conductance — even Monte 1021 S. Wolfe Road, 
Carlo routines for statistical analysis of Sunnyvale, CA 94086 
(408) 738-4387 


production yield. Plus algebraic formula 

{ y,| Im { MICRO-CAP III is a registered trademark of Spectrum Software. 
meer ls for plotting ost any desired Hercules is a registered trademark of Hercules Computer Technology. 
function j Monte Carlo analysis IBM is a registered trademark of International Business Machines, Inc. 
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ENHANCED EDA TOOLS 


@ Permit use of expanded memory 
for large designs 
@ Provide more than 100 screens of 
context-sensitive help 
Tango-PCB Plus and Tango-Route 
Plus are greatly enhanced versions 
of the vendor’s pc-board design and 
autorouter products for IBM PCs 
and compatibles. Both electronic- 
design-automation (EDA) packages 
now allow you to use as much as 
8M bytes of expanded memory with 


PROGRAM 

YOUR EPROMS 
ON THE 
BOARD! 


Data |/O®’s in-circuit pro- 
gramming expertise can 
dramatically reduce your 
production programming 
costs. We can help you 
streamline your assembly 
process, reduce device 
inventory and handling, 
and eliminate device 
sockets. 


tem cost. Easy, do-it-your- 
self configurations mean 
fast, in-house changes and 
low NRE costs. And the 


New BoardSite In-Circuit Programmers 


multi-level, menu-driven 
user interface makes oper- 
ation easy. 

CALL TODAY for 
your FREE copy 
of “Introduction 


DATA 1/O 


the LIM EMS 3.2 standard or 32M 
bytes with the LIM EMS 4.0 stan- 
dard for when you want to work 
with complex designs that have 
more than 100 equivalent ICs (the 
limit imposed by the earlier Tango- 
PCB and Tango-Route packages). 
The new design-rule-checking fea- 
ture checks the board design 
against an input net list to verify 
conformance to the user’s rules for 
both connectivity and clearance. A 
placement-aid feature uses force 
vectors to show the best board posi- 
tion for each component in relation 
to all the others; the vectors appear 
on the screen as arrows that change 
length and direction as you move a 
given component—the shorter the 
arrows, the better the placement. 
Enhancements to the router include 
an increase in autorouting capabil- 
ity from two layers to six (plus 
power and ground planes) and a 
broader range of routing grids (25, 


Now in-circuit program- To In-Circuit 

ming Is easier than ever. Programming” ae ito hasten Ai 
BoardSite™ brings new plus more Datadisplay of 19 signals at a time. 
levels of flexibility and about BoardSite. 
economy to in-circuit pro- -binary readout with Limit Check status. 
gramming. It's PC-based te a = samples to the datadis 

fe play. 
for versatility and low sys- I 800 247 37 00 

Ext. 985 


playback mode. 


Corporation 


PCM DECODE 


EE 750: Frame and Format Synchronizer, Wordselector. 
Up to 1024 Words and 256 Frames per Format, 2 MBits/s. 
8 to 16 Bits per Word. 


EE 751: BiPhase-L Bitsync. 
Filtered Preamplifier with gain and offset correction. PLL Bitsync to 
1 MBits/s. Piggyback board to EE 750. 


EE 752: Analog Outputs, 32 channels real time. 
Individual scaling of each output. 12 Bit resolution. 


Easy to use menues for programming. Setups are stored as DOS-files. 
Each signal have alphanumeric names, scaled numeric and bargraph/ 
DMA storage of all or selectable signals to DOS-file. Playback of file of 


Graphic presentation of any four signals versus time in both real time and 


——_ 
—— Phone: 271-7707, 282-8516 
ESOC! EIDEL - Eidsvoll Electronics AS 

| Say P.O. Box 38, N-2081 Eidsvoll, Norway. 


20; 16.7, 12,5... and-10- mils): -The 
finer grids permit as many as five 
traces between IC pads. The place- 
ment of vias for surface-mount tech- 
nology designs has also been im- 
proved. Tango-PCB Plus. and 
Tango-Route Plus, $895 each; both 


combined as Tango-CADPak Plus, 


$1495. 

Accel Technologies Inc, 6825 
Flanders Dr, San Diego, CA 92121. 
Phone (619) 554-1000. FAX 619- 
554-1019. 
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8051 CROSS-ASSEMBLER 


® Generates object code for 8051 
and derivative microcontrollers 
@ Written in 8086 assembly lan- 
guage for speed and reliability 
This cross-assembler, which is writ- 
ten in 8086 assembly language for 
maximum speed and _ reliability, 
runs on any IBM PC or compatible 


ee? 
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PCM SYNCHRONIZER 
AND DECOM IN A PC-AT 


EIDEL of America, Inc. 
8100 Whitepine Rd. 
Richmond, VA 23137 


Telephone: +47 6 96 42 30. Telex: 72091 
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The High Performance 


Gigahertz Relay 


¢ RF switching through 4 GHz 
¢ Magnetic latching cuts power drain 


¢ Convenient Centigrid® package 


¢ Military and commercial versions 


The TO-5 family of relays 
were always good in RF switching 
applications. We didn’t plan it that 
way. It just happened. Low inter- 
contact capacitance. Low inser- 
tion loss. Up through 500 MHz. 
No problem. 

But then you wanted to go 
even higher. You wanted gigahertz 
performance. And not just 1 GHz, 
but 3 or 4. That took some serious 
doing. But our combination of 


EEO EEE 


ACTUAL SIZE 


experience and innovation was 
equal to the task. We married our 
two decades of TO-5 technology 
with some new techniques we 
developed to enhance the RF 
characteristics. The result? We 
were able td extend the relay’s 
performance from the MHz range 


to the GHz range. And handle RF 


switching functions all the way up 
to 4 GHz. With intercontact isola- 


tion even higher and insertion loss 
even lower than in the MHz range. 
The high performance 

gigahertz Centigrid relay. It will 
handle your toughest RF switch- 
ing assignments, especially when 
power drain is critical. Call or 
write today for complete details. 


“§@ TELEDYNE RELAYS 


Innovations In Switching Technology 


Teledyne Relays, 12525 Daphne Ave., Hawthorne, California 90250 « (213) 777-0077/European Headquarters: W. Germany: Abraham Lincoln 
Strasse 38-42, 6200 Wiesbaden/Belgium: 181 Chaussee de la Hulpe, 1170 Brussels/U.K.: The Harlequin Centre, Southall Lane, Southall, Middlesex, 
UB2 5NH/ Japan: Taikoh No. 3 Building, 2-10-7 Shibuya, Shibuya-Ku, Tokyo 150/France: 85-87 Rue Anatole-France, 92300 Levallois-Perret. 
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Actual output 


20 WATTS 


Actually meets 


MIL-STD-2000 
MIL-STD-810C 
MIL-S-901C 
MIL-STD-461C 
MIL-STD-704D 
NAVMAT GUIDELINES 


Mil/Pac™ high-density military power supplies. Operate at temperature extremes from —55°C to +100°C. 


Introducing NDI DC-to-DC converters that meet an unprec- Mil/Pacs are designed with a field-proven topology that’s 
edented combination of military design demands. Plus been verified by rigorous environmental stress screening. 
having the highest power-to-volume ratios of any full-mil They're available with MIL-STD-2000, or without. Either way, 
qualified products. the specs are worth reading. 

Mil/Pacs come in 20W, 35W and 50W configurations, Just write us at 2727 S. La Cienega BI., Los Angeles, CA 


with single (5, 12, 15,24, 28V) and dual (+12V; +15V) outputs. 90034. Or call (213) 936-8185. 
They handle a wide 14V to 31V range of input. And 


SEE US AT WESCON BOOTH #5427-29 


WHEN RELIABILITY IS IMPERATIVE: 
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CAE & SOFTWARE DEVELOPMENT 


computer. It accepts 8051 assem- 
bly-language source code and gen- 
erates object code in Intel Hex for- 
mat for downloading to the target 
machine; command-line switches let 
you optionally generate assembly- 
code listings and symbol-table files. 
As an aid to programming, the 
cross-assembler lets you use local 
labels and include files; symbol 
names may have as many as 82 sig- 
nificant characters. You can gener- 
ate code for any 8051 or derivative 
microcontroller. During assembly, 
the program keeps you informed of 
progress. If it finds an error, it 
emits one of the 25 explicit error 
messages. $95. 

Parallax Inc, 6200 Desimone 
Lane, Suite 69A, Citrus Heights, 
CA 95621. Phone (916) 721-8217. 
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ANALOG SIMULATOR 


@ Analyzes linear circuits that 
have as many as 200 components 
© Runs on any Macintosh that has 
at least 512k bytes of memory 
ACNAP (AC Network Analysis 
Program) is a general-purpose, cir- 
cuit-simulation program that ana- 
lyzes linear circuits with as many 
as 200 active and passive compo- 
nents. The program performs Bode, 
Monte Carlo, sensitivity, noise- 
equivalent bandwidth, component- 
iteration, spectrum, and worst-case 
analyses. You can create macros of 
unlimited length, in which you can 
embed comments, delays, and 
pauses, in order to automate repeti- 
tive tasks or to set up instructional 
sequences for training purposes. 
You can create, combine, and edit 
component models and circuits, and 
then save them as single devices in 
a component library. The program 
allows such user-defined subcircuits 
to have as many as seven external 
connections, so that you can easily 
model and manipulate very complex 
types of devices. There are built-in 
drivers for ImageWriter (dot-ma- 
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trix) and LaserWriter (laser) print- 
ers, and you can obtain an optional 
plotter driver that will drive most 
popular color-pen plotters. The pro- 
gram runs on any Macintosh com- 
puter that has at least 512k bytes 
of memory and runs System 3.2 or 
later, or Finder 5.3 or later. 


ACNAP, $349.95; optional plotter 
driver, $95. 

BV Engineering Professional 
Software, 2023 Chicago Ave, Suite 
B-13, Riverside, CA 92507. Phone 
(714) 781-0252. 
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ENCODERS 


EN-ROUTE 
TO SUIT. 


CLAROSTAT’s competitively-priced mechanical and optical encoders are compact, 
sturdy and reliable. They’re ideal for limited-space, panel-mount applications. 

The industry's smallest mechanical encoder is our 0.5 inch square model that outputs 
2 bit gray code and can be combined with other modular switches with push-push, 
push-pull, or momentary actions. 

Our optical encoders include 1.0 inch and 0.5 inch sizes, output two square waves 


and have rotational lives in the millions. 


We have the encoders that best suit your needs in 


WHY WAIT? 


stock and ready to ship. For complete details call or 


write Brian Ward, Product Manager at CLAROSTAT, 
One Washington Street, RO. Box 1507, Dover, NH 
03820-1507. Telephone (603) 742-1120. TLX VIA MCI 
671 3344. Fax (603) 742-0481. To Order Call Toll-Free 


1-800-872-0042. 


HAWKER] | 
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LITERATURE 


Wide coverage of 
MIL-STD-1553 products 


Aimed at system designers who 
must meet military requirements, 
the 604-pg MIL-STD-1553 De- 
signer’s Guide provides an over- 
view of MIL-STD-1553 and a com- 
parison of several of its variations, 
as well as system hardware and 
software considerations. The book 
also presents a complete copy of 
MIL-STD-1553B with paragraph- 
by-paragraph commentaries on the 
standard and a comparison with the 
A version. Also included are 
changes to the original 1553 Stan- 
dard and copies of the ASD (Avion- 
ics Systems Div) Validation Test 
Plan and the RT (Remote Terminal) 
Production Test Plan. The data-bus 
applications section covers guide- 
lines for making MIL-STD-1553 
components work with pPs, single- 
chip microcomputers, and a dual- 
port RAM. A full listing of applica- 
tion notes, updated product-infor- 
mation sections, and a complete list- 
ing of the vendor’s MIL-STD-1553 
components and board-level prod- 
ucts complete the book. 
ILC Data Device Corp, 
Wilbur Pl, Bohemia, NY 11716. 
Circle No 380 
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Disk demonstrates 

universal programmers 
Rather than describing its product 
in a brochure, one company offers 
a demo disk that shows off the func- 
tions of the various Sailor Program- 
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mer models. In addition to repre- 
senting the actual Sailor Program- 
mer software, the disk also serves 
as a utility for splitting and merging 
data files, as well as converting bi- 
nary data files into Intel hex or Mo- 

torola data files. 
Advin Systems Inc, 1050-L E 
Duane Ave, Sunnyvale, CA 94086. 
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Catalog details 
coaxial components 


The 60-pg Coaxial Components 
Catalog (Literature 5959-7861) pro- 
vides specifications and operating 
and installation information about 
switches, detectors, and fixed and 
step attenuators. The publication 
highlights the HP 33314 spdt coax- 
ial switch, which is specified for a 
5M-cyele life having >0.03-dB re- 
peatability. Also featured are the 
latest 11-, 70-, and 90-dB step at- 
tenuators with a range to 40 GHz, 
as well as several families of coaxial 
detectors. 

Hewlett-Packard Co, 
Pruneridge Ave, Cupertino, 
95014. 


19310 
CA 
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Reference focuses on 


STD Bus system development 


This 1990 STD Bus system-develop- 
ment guide surveys the company’s 
full range of board-level products, 
development systems, software, 
and card cages. Highlighted are 
PC-compatible modules and _ sys- 
tems based on 80386, 80286, 80188, 
and 8088 processors. Other catego- 
ries in the 82-pg reference include 
BitBus interfaces for factory net- 
working, an ample selection of in- 
dustrial- and analog-I/O boards, and 
specialized boards for stepper-mo- 
tor control, video imaging, and 
other functions. Each section be- 
gins with an easy-to-use board-se- 


lection guide, and the product list- 
ings include specifications, dia- 
grams, and photos. Further, appli- 
cation notes covering a variety of 
uses for STD Bus products and a 
list of vendors of complementary 
computer-system components are 
included. 
Computer Dynamics, 107 S Main 
St, Greer, SC 29650. 
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Foldout depicts PC 
data-acquisition products 


This 6-pg foldout brochure high- 
lights the technical specifications 
for plug-in data-acquisition boards 
for the Nubus, the IBM PC/AT bus, 
the Micro Channel Architecture 
(MCA) bus, and the Macintosh SE. 
The publication also discusses the 
vendor’s RTSI (real-time system in- 
tegration) Bus for precise timing 
and synchronization between multi- 
ple plug-in boards. The brochure 
describes the company’s Lab- 
Driver, LabWindows, Measure ap- 
plication software, LabView soft- 
ware, and data-acquisition accesso- 
ries. 


National Instruments, 12109 
Technology Blvd, Austin, TX 
78727. 
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Power 
| at your command 


Military DC/DC Converters 
Opt ie, lz, 115, EI5V 
Single and dual output 


AHE Series DC/DC converters from Advanced Analog 
have the power and reliability needed for 
military and aerospace systems. 


@ -55°C to +125°C and -55°C to +85°C | 
temperature range DC/DC Converters 


@ Screened to MIL-STD-883C, Method 5008 
in a MIL-STD-1772 certified facility Output Output Voltage (V) 

= 15W and 20W output power Power Current (A) 

= Hermetically sealed 

@ Advanced feaiiac method uses no AHE28055 OV, 0 - 3A 
optocouplers for high reliability and greater AHE28125 12V, 0 - 1.67A 
radiation tolerance AHE2812D +12V, 0 - 625mA 

Now you can get the higher temperature range AHE28155S 15V, 0 - 1.33A 


your system requires. And improved performance. AHE2815D +15V, 0 - 500mA 
Advanced Analog’s AHE Series are built for rugged 

environments and guaranteed to outperform any “INC to +85°C and -5°C to + 129°C 
other standard DC/DC converter of this type. Other Input voltage range is 17 - 40V 
standard Mxx Series converter models are available. 


We've got the experience. Our PS Series triple-output, 80W 2 


converter is serving in the newest attack helicopter. MIL-STD-1772 Advance 

Need a special converter or power hybrid? Call us and Qualified Analog 
we'll work with your team to get the best solution for maar 
your needs. Visit us at WESCON ’89 — Booth 1914 2270 Martin Avenue 


Santa Clara, CA 95050 
(408) 988-4930 
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Intelligent 
Data 
Acquisition 


DAP 1200™ 


Data Acquisition Processor™ 
for IBM PC/XT/AT/386 


Microstar’s DAP™ manages the entire 
data acquisition and control interface 
inside a PC. Onboard intelligence in 
the DAP speeds development and 
increases performance. 


Onboard intelligence: 80186 
coprocessor 


Acquires analog and digital inputs 
to 156,000 samples/seconds 


Buffers and processes input data 


More than 100 commands without 
programming 

Commands include: Average, 
Scale, Peak Detection, Logic, 
Integration, Differentiation, 
Thermocouple Linearization, 
Closed Loop Control (PID), Event 
Detection, Auto-Range, Waveform 
Generation 

FFT and FIR filtering without 
programming 

* Custom commands may be written 
in C 


DAP 2400™ also includes: 


* 10 MHz or 16 MHz 80C186 

- 20 MHz DSP56001 for 10 MIPS 
digital signal processing : 

* Acquires analog and digital inputs 
to 235,000 samples/seconds 


- Updates analog or digital outputs to 
250,000 values/seconds 


* Performs 1,024 point complex FFT 
in under 10 milliseconds 


¢ Executes FIR filters in less than 200 
nanoseconds per tap 


Call for FREE Demo Diskette 


Microstar (206) 881-4286 


2863 152 Ave. N.E. 
7 Redmond, WA 98052 
LABORATORIES” Fax (206) 881-5494 


926 CIRCLE NO 18 


LITERATURE 


Demo disk 
for gate-array selection 
The Vista Evaluation Software 
demo disk shows designers how to 
evaluate TGC100 Series 1-ym 
CMOS gate arrays. A table of allow- 
able gate arrays and package types 
lets designers select the best candi- 
date for further evaluation. For 
each array and package selected, 
the catalog on a disk provides the 
following information: required 
number of I/O, power, and ground 
pins; percentage of utilization of the 
selected array; and_ estimated 
power dissipation, using a summary 
of key dissipation contributors. As 
a final step, the demonstration disk 
yields design-summary information 
in a printout that designers can take 
to the company’s local office for an 
immediate gate-array quotation. 

Texas Instruments Inc, Semi- 
conductor Group (SC-950), Box 
809066, Dallas, TX 75380. 
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| Linear and custom 


power supplies on disk 


This catalog on a disk describes a 
complete linear product line, includ- 
ing standard, custom, and tailored 
combinations, as well as ferrore- 
sonant and unregulated power sup- 
plies. The publication presents 
more than 10,000 products in a few 
simple tables. The 5’4-in. floppy- 
disk catalog runs on IBM PCs and 
compatibles and features pop-up 
help screens. 
Xentek Inc, 760 Shadowridge 
Dr, Vista, CA 92083. 
Circle No 386 


Assortment of enclosures 


The company’s catalog reintroduces - 


its sloped cabinet, which has been 
added to the Instant Optima 3-day 
shipping program. Other enclosures 
in the Instant Optima catalog in- 
clude EMI/RFI shielded cabinets, 
vertical cabinets, the MPA (modu- 
lar packing system), “Instrumate” 


cases, instrument cases for 19-in. 
equipment mounting, chassis, and 
a complete line of accessories. 
Optima Enclosure, 2166 Moun- 
tain Industrial Blvd, Tucker, GA 
30084. 
Circle No 387 


App note explains 
de/de power converters 


This 24-pg application note ad- 
dresses the basics and _ historical 
background of integrated-magnetic 
switch-mode de/de converters. The 
document addresses fundamental 
design methods for combining high- 
frequency transformers and filter 
inductances on single magnetic-core 
structures. The note also presents 
a survey of applications of inte- 
grated magnetic principles in PWM 
converters and resonant-converter 
circuits. The publication provides 
extensive references for magnetic 
design techniques. 

E J Bloom Associates Inc, Prod- 
uct Engineering Div, 4840 Red- 
wood Hwy, Suite E356, San Rafael, 
CA 94903. 
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Handbook for 
DSP applications 


This DSP applications handbook 
deals with the vendor’s UT69532 
IQMAC (in-phase quadrature multi- 
plier/accumulator) pipelined proces- 
sor. The book offers a brief descrip- 
tion of the pipelined architecture 
and special features, such as built-in 
self-test. Highlighted features in- 
clude array processing, math accel- 
erators, FFT processors, digital fil- 
ters, and graphics functions. Spe- 
cific applications dealt with in depth 
are general-purpose array process- 
ing and DSP algorithms such as 
FIR, IIR, FFT, and DFT. 

United Technologies Microelec- 
tronics Center, 1575 Garden of the 
Gods Rd, Colorado Springs, CO 
80907. 
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ICROTEK offers a complete 


16 and 32-bit microprocessors. These 
series of MICE are capable of 
debugging high speed targets without 
accumulating wait state, eg. 25 MHz for 
68020, 16 MHz for 68000/80C186. 
Protected Mode in 80386, coprocessor 
emulation in 16/32 bit series and 
bus/execution breakpoints in all series, are 
few examples of MICE powerful emulation 
features designed to meet advanced 
development needs. 


line of MICE (Micro-In-Circuit- 
Emulator) for most popular 8, 


All MICE series could work well with IBM 
PC/XT/AT*, IBM PS/2*, VAX*, pVAX’, 
Apollo*, Sun* and NEC* 98 series. Cross 
assembler/compiler, symbolic debugger and 
high level language debugger are also 
available to offer optimized software tool 
supports to an advanced development 
environment. 


MICE SERIES AVAILABLE MODELS 


8048 Family, 8052 Family, 28, ZS8, 68HC11, 80515/535, V25 


8-BIT | 8085, 6809/E, 280, NSC800, 6502F, 64180 


16-BIT | 80C86/88, 800186/188, 80286, 68000/010, 68008, V20/30 


32-BIT | 80386, 68020 (25 MHZ) 


MICROTEK INTERNATIONAL INC. 


HEADQUARTERS 
Tel: 886-35-772155 Fax: 886-35-772598 
Telex: 32169 MICROTEK 


U.S.A. OFFICE 
Tel: (213)321-2121 Fax: (213)538-1193 
Telex: 797880 MICRO 


EUROPE OFFICE 
Tel: 49(211)556181 Fax: 49-211-572362 
Telex: 8584020 


e AUSTRIA ALLMOS ELECTRONIC (222)6271954 © BELGIUM SIMAC ELECTRONICS B.V. (2)2523690 * DENMARK SC METRIC A/S (2)804200 *¢ ENGLAND ARS 


MICROSYSTEMS (276)685005  « FINLAND OY COMDAX AB (0)670277.  * FRANCE M_T-E. (1)39618228 ITALY PRATICA SRL (1 1)503427 
ELECTRONICS B.V. (40)582911 «NORWAY MORGENSTIERNE & CO A/S (2)358110 
AB (8)7349935 © SWITZERLAND TRACO ELECTRONIC AG (1)2010711 


¢ HONG KONG IDEALAND ELEC. (3)7443516 


MEASUREMENT (011)7883710 


e INDONESIA PT. ASCII (21)6002305 
_e KOREA DAESANG INC. (2)7196438 * NEW ZEALAND NORTHROP INSTRUMENTS (4)856658 
COMPUTRONICS 7468182 ¢ THAILAND ANA-DIGIT COMPANY (2)2217040 
S.R.L.(1)469518 © BRAZIL DIGIBYTE SISTEMAS DIGITAIS (1 1)2413611 


e SPAIN NOVATRONIC, S.A. (4)4520811 
e W. GERMANY ALLMOS ELECTRONIC (89)8570000 
e ISRAEL ARITMOR (3)5447475 
e PAKISTAN EAST WEST SYSTEMS (21)529827 
°e THAILAND SANYA PHANICH (2)2225223 

e CHILE EQUIPOS INDUSTRIALES $.A.C.I. (2)716882 


e NETHERLANDS SIMAC 
e SWEDEN NORDISK ARRAYTEKNIK 
e AUSTRALIA MACRO DYNAMICS (8)7202399 
e JAPAN CORE DIGITAL CORP. (3)7955171 
e SINGAPORE EPE 
e ARGENTINA MICROTEC INGENIERIA 

e SOUTH AFRICA PROTEA TEST & 


* Registered Trademarks: PC/XT/AT, PS/2: International Business Machines, VAX, VAX: Digital Equipment Corporation: Apollo: Apollo Computer Inc; Sun: Sun Microsystems, Inc; NEC: NEC Corporation. 
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From laptop computers to 
video cameras to fax 
machines, the demand for 
compact electronic equip- 
ment has never been so 
great. And this is just the 
beginning. 

This unceasing miniatur- 
ization has had a profound 
influence on circuit design, 
to the extent that circuits are 
getting smaller, thinner and 
ever-more-highly integrated. 


uietly Behind Miniaturization ww 
TOKIN EMC Filters > 


It has also led to a growing 
demand for the best possible 
EMC components. 

Backed by our long string 
of EMC Breakthroughs, 
TOKIN is meeting this 
demand with an incompara- 
ble line of high-quality EMC 
Data Line Filters. From com- 
pact surface-mount EMC 
Chip Filters (including 3 mm 
chip filters [as thin as LSIs] 
for half-pitches and SN chips 
for high impedance noise) to 
DIP Noise Filters for high 
impulse impedance over a 


wide frequency range. 
Like our customers—who _ and inches off of your elec- 
include the most demanding 


[s] indicates stick types (25 pcs per stick type) 
[1] indicates reel types (1,500 pcs per reel) (16x8mm pitch, 13” reel) [  ]indicates loose types (100 pes per bag) 


papas 
ae: Bc a 


equipment manufacturers in 
the world—TOKIN realizes 
the need for precise counter- 
measures to noise in portable 
electronic equipment. That’s 
why our customers recognize 
the need for TOKIN. 

Find out how TOKIN can 
help you take excess pounds 


tronic products. Call us now. 


| 270 (at ODS 
~ 2370 (at50MHz) _ 
2370 (at 50MHz) 


indicates reel types 1,000 pcs per reel (16x 12 mm pitch) [ ] indicates loose types 100 pcs per bag 13” reel 
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Tokin Corporation 


Hazama Bldg., 5-8, Kita-Aoyama 2-chome, Minato-ku, Tokyo 107, Japan 
Phone: 03-402-6166 Fax: 03-497-9756 Telex: 02422695 TOKIN J 


Tokin America Inc. 


155 Nicholson Lane, San Jose, California 95134, U.S.A. 
Phone: 408-432-8020 Fax: 408-434-0375 

Chicago Branch 

9935 Capitol Drive, Wheeling, Illinois 60090, U.S.A. 
Phone: 312-215-8802 Fax: 312-215-8804 


Tokin Electronics (H.K.) Ltd. 


Room 806 Austin Tower, 22-26A Austin Avenue, 
Tsimshatsui, Kowloon, Hong Kong 

Phone: (3) 679157 ~9 Fax, (3) 3395950 
Taiwan Liaison Office 

7/F-2, No.200, Sec.3, Hsin-Yi Road, Taipei 
Phone: (02) 7059310~1 Fax: (02) 7015650 


Munchen Liaison Office 

Elisabethstra&e 21, 8000 Miinchen 40, Bundesrepublik Deutschland 
Phone: (089) 271 75 22 Fax: (089) 271 75 67 

Telex: 5 24 537 tokin d 


You can reach our agents by phone: Denmark (03) 63 3830; France (1) 45-34-7535; Italy (0331) 67-8058; Spain 729-1155; Switzerland (01) 830-3161 
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This advertising is for new and current products. 


Please circle Reader Service number > 
for additional information from manufacturers. 


EXT RUDED ALUMINUM _ 
PANEL MOUNT ENCLOSURES 


© Depths 6” & 8” 


e Any depths, 10 or more = , 


e Satin, clear anodize 
finish © 
-e Lock-in panel: -mount 
_e Modifications and 


=: DIN STAND ARDS > screen printing available 
Bezel Case FREECATALOG 

48x%mm 44x91mm A 

12x 144mm 67x 136mm ! , 

| 96x 192mm 91x184mm LL 7 og. 

| 96x 96mm 91x91mm 555 Marion Road 


184 x 184 mm Columbus, OH 43207 © 


614/445-8433 
CIRCLE NO 325 


UNIVERSAL/GANG 
~ PROGRAMMER — 


made in. U. S. A. 


| $595.00 © 
Includes 
One Year 
Update - 
oo 
Warranty 


_ HUSKY™ programs EE/EPROMS, CMOS PLDS, 


_and Micros. It's your best bet when low. cost | 
_and quality are both important. — 
From the Sees who make CUPL and ALLPRO. 


4201 N.W. 65th Place 


ZTE Lauderdale, FL 33309. 
~ Fax: 305-974-8531 _ 
paviens, Inc. 


1 -1-800- oe 7766 
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8051 


¢ 20 MHz real time emulation 


a we wy ww NEW 
The Best 8051 Emulator 8X C7 5 { 


support 
available 
now! 


5 ft. cable 


See EEM 88/89 
Page D-1304 


PC based emulators for the 8051 family 
(8051/51FA/52/31/32/44/152/451/452/535/552/8XC751 + CMOS + more... 
© PC plug in boards or RS-232 box _* Program Performance analyzer 
© Pull-down menus combined with * Powerful Macros with IF-ELSE, REPEAT- 
_ Command-Driven User Interface. WHILE structures 
Context sensitive help and * Source Level debug for PL/M-51 and C51 
On-Screen Editing of data 


and disassembler 
¢ 128K emulation memory ¢ Execution time counter 
* 48 bit wide, 16K deep trace buffer _* Trace can be viewed during emulation! 
with loop counter — 
PRICES: 32K Emulator for 8031 $1790; 4K Trace $1495° 
CALL OR WRITE FOR FREE DEMO DISK!» 


‘US. only _ Ask about our demo VIDEO! 


n OH au 51 E. Campbell Avenue 


Campbell, CA 95008 
FAX (408) 378-7869 
CORPORATION 
See Page 150 


(408) 866-1820 
See Us At Wescon ’89 Booth 902 
CIRCLE NO 326 


THE GRI ProPlotter: 
Large-Format Plotting 
At A Small-Format Cost 


_ An affordable large-format plotter 
for the CAD designer. 


i] 


'¢ 1995 LIST < 


* SPEED-7 IN./SECOND Qi 


-# PRECISE RESOLUTION/0.004 IN. 
* AutoCAD® COMPATIBLE 
= 12 MONTH WARRANTY 


Call for details and sample plot. 


Se Ee 
= GRE S 46745 Fremont Bivd,, 
Gerard Research Inc. Fremont, CA 94538 


Tel: 415/651-0217 = Fax: 415/651-0787 


CIRCLE NO 329 


* Symbolic debugging with in-line assembler — 


PRICES rene TO $ ag 


DON’T WAIT UNTIL IT HAPPENS, CALL TODAY! 
LIZZI_ ENGINEERING INC. 


3260 S. Susan Street, Santa Ana, CA 92704-6865. 


(714) 540-4229 FAX (714) 641-9062 
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High Power 
22kHz PWM.Amplifiers 


Model 240 + 150 volts at + 30 amps peak, 
+ 15 amps continuous 


Model 241 + 150 volts at +60 amps peak, 
+ 30 amps continuous 


e 22kHz PWM 
e Operating voltage: 24V to 155V 


375 Elliot Street 
ete ca Newton, MA 02164 
YOIS = tel: 617-965-2410 


Corp. FAX: 617-965-7315 
CIRCLE NO 331 


MICROTRACKER’ 


AAR RRR AAR 


Real-Time Software An lyz /Debug 


NEW 
TARGETS 
PPORTED 


The MicroTracker™ can significantly reduce the 
cost of your next real-time product development 
project. Advanced features speed software devel- 
opment and enhance quality assurance. 
FEATURES 

@ 2K or 8K Trace Memory _@ Instruction Disassembly 
@ Interval Timer for Z80, 8085, 6502, 

m@ Performance Analysis 6802, 6809, 

i ate pk 8031/8051, 80188/80186, 
m@ IBM PC Software 

@ Symbolic Disassembly 2 
@ Low Cost from $1295. 


52 W. HENDERSON RD., 
COLUMBUS, OHIO 43214 
HHMNEEEME ADVANCES (614) 267-4405 


CIRCLE NO 334 


Call for Free Brochure 


NEW ZX-386/16 
MBI SINGLE BOARD COMPUTER 


FEATURING: 

e On-board 53C90 SCSI 

e 8 DMA Channels 

e Two 16-bit wide, fully compatible SBX connectors 
e Optional ‘‘Tru-32"’ thirty-two bit bus extension 


For a free catalog call 1-800-4MB-2DAY 
(In California call 1-415-828-3000) 


6700 Sierra Lane, Dublin, CA 94668 
CIRCLE NO 337 


48 CHANNEL 25 MHz LOGIC ANALYZER 


48 Chnnis @25MHz x 4K word deep/12 Chnnis @100MHz 
16 Trigger words/16 Level Trigger Sequence 
Storage and recall of traces/setups to disk 


Disassemblers available for: 68000, 8088, 8086, 80286, 
6801, 6811, Z80, 8085, 6502, 6809, 6303, 8031 


NCI © 6438 UNIVERSITY DRIVE, 
HUNTSVILLE, AL 35806 


(205) 837-6667 
CIRCLE NO 332 


IBM 


BS PC/XT/AT 


a 
MIL-STD-1553 Interface Board 
For IBM-PC/XT/AT or Compatibles 
Dual redundant bus controller, remote 
terminal and monitor with powerful 
easy-to-use software. From only $2095 


Call now for data on MIL-STD-1553 and 
ARINC 429 for PC/XT/AT, VME and VXI 


Ballard /|/[/If 12188. 75thst. 
Technology ah Lapa 
CIRCLE NO 335 


DSP In Control 


Low cost development tool for the 320C14 
Develop code without an emulator — 
Complete motion control system with amps 
Motion control source code available 


Introductory Offer $9 87 


| | Teknic Inc. 

| | 214 Andrews St. 
' Rochester, NY 14604 
| (716) 546-3212 


CIRCLE NO 338 


Why Do 
Designers 


rg Choose 

“Fi Protel ? 
Ly Protel 
(te. gets the 


job done ! 


Professional Quality CAD Tools 


Protel offers a full suite of PC-based high-performance 
PC. ~ consistent user 
interfaces, free tech & EMS support, BBS and 30-day 


mioeu -back guarantee. 

Schemati $495 
Popular precision digital and analog schematic design. 
Autotrax $995 


< orn peers PCB layout with automatic placement & rout- 
ing for both through-hole and SMD deaigus: Supports 
standard printing/plotting formats and up to 4MB EMS 
Traxstar Intro price S 99 5 


Powerful multi-layer rip-up and re-try autorouter. Han- 
dles over 700 ICs and a board of up to 20x32 inches. 


s . 
Traxview introprice$495 
Full-featured interactive Gerber viewer and editor with 
automatic panelization for multiple Gerber files. 
Before you invest in a PCB design product 
tomorrow. Call toll free (800) 544-4186 
for one of our free demo-disks today. 
in CA, HI, AK, or Canada, call: (408) 437-7771 


Protel Technology Inc. 
50 Airport Parkway (408) 437-7771 
San Jose, CA 95110 fax (408) 437-4913 


CIRCLE NO 333 


425,000 


ICs and Semiconductors 
at Your Fingertips 
Cahners CAPS is the newest component 


search and selection tool for electronic 
design engineers: 


_e@ PC-driven, CD-ROM-based 


e Includes unabridged 
manufacturers’ datasheets 


e Represents more than 400 
manufacturers worldwide 


Call toll-free: 1-800-245-6696 


¢ AH NE RS _ 275 Washington Street 
Newton, MA 02158-1630 
Telephone: 617-558-4960 


Product Selection _ Telex: 940573 
CIRCLE NO 336 


LAS Bug #223805 


Flake E. Component 


Flush him out with the automatic comparison 
function of the Logic Analysis System 


4k to 64k memory depth 

16 level triggering with pass counter 

40 to 320 channels 

A complete Logic Analyzer on a Card 
Interactive software under Microsoft™ Windows 
Source code in C for automatic testing 


701 River Street 

\= Troy, NY 12180 

(800) 367-5906 

(518) 274-0755 

DESIGNS, INC. FAX (518) 274-0764 
CIRCLE NO 339 


To advertise in Product Mart, call Joanne Dorian, 212/463-6415 


EDN October 26, 198 


-@ A/D converter: 8 si 
is less than 25,sec; Input range: +5V; eoliwne Trigger Made on 
e D/Aconverter: 1 channel; 12 bit resolution; 0 to + sg tak oe ange. 
@ Digital I/O: 16 In/Out(T TLcompatible); External a rminal Board incl. 
Utility Routines and Demo/Sample —_—— for BASIC and Quick-BASIC. 


e A/D converter: 16 single ge Uses "ADS 74; “Conversion time 

than 25ysec; Built-in programmable pacer; t Ranges: +10V, my + =1V. : 
e D/A none ntere 2 channels; 12 bit Sehgal tput Range 0-SV. : 
e Digital 1/0:16In/Out( sitet eet e); Programmable Counter/Timer SasiC 2 
e DMA and interrupt capability. tility software and sample program in BASI 


e A/D 6 single ended or 8 di esolution; 
Programmable scan rate; : Built oe ape cand OMA, control circuitry. 
Freee speed 60,000 smpls/sec (standard), 100,000 smpls/sec (op tional). 

ut Ranges:Bipolar : + 10V, +5V, +2.5V, +1V, +0.5V; Unipolar: FO, 5,2,1V 

DA converter: 2 channels; onion 2 bits; Settling time: 5ysec; +5V 

© Digital 10: 16In/Out(TTLcom la grammable Counter/Timer (8254). 
e: Utility software for BASIC & GuickBASIC included. Sample prgm. 
* Sapa by LabDAS, ASSYST, LAB 


b th AS | 
Output Ranges: 0 to +5V, Oto S10v +5V, = I0V. or sink 4-2 
Settling time: 70,S. Linearity: +1/2bit. Voltage output drive capacity 
@ Digital I/O: 16 digital input and 16 digital outputs compatible). — 


_ MC/VISA/ AMEX _ Call today for datasheets! 


355 West Olive aS 


Sunnyvale, CA 94086 USA 
TEL: (408) 730-55 


1 FAX: (408)730-5521 | 


For 
Connector 


LEMO’s Pocket Catalog permits connector specifiers to 
quickly determine which LEMO connectors meet their needs. 
Catalog includes tables that are organized around the main 
elements needed to specify connectors: number of contacts, 


working voltages, amps, collet ranges to accommodate cable © 


OD, shell styles and insulating materials. 


Connector families include mixed and multi contact con- 


nectors, environmentally sealed connectors, coaxial, triaxial, 
nigh voltage and plastic. 
LEMO USA, INC. 
PO. Box 11488, Santa Rosa, CA 95406 
Phone 707/578-8811, Telex 340-933, FAX 707/578-0869 
800-444-LEMO(5366) 


CIRCLE NO 343 


SAVE SPACE WITH Q/PAC® COMPONENTS 
_ © Provide built-in capacitance 
| Eliminate decoupling capacitance 
e Gain 4-layer board quietness 
with 2-layer economy 
e Vertical or horizontal mounting 


Send for Rogers Q/PAC® 
Application Bulletin. 


Rogers Corp., 2400 S. Roosevelt St. 
Tempe, AZ 85282 602/967-0624 
CIRCLE NO 346 


| ° Sizes: unsealed—3.2 x 4.5 x 1.6mm; 


Free Catalog — 


‘Specifiers — 


gue- -Goodman 
Surftrimr’ 

_ Surface Mounted 
Trimmer Capacitors 


T-1600 
GANG/SET 
PROGRAMMER 


Spra; 


l= PROGRAM 16 AT ONCE—SAME OR SET 
x 24, 28 OR 32 PIN EPROM’S 

lm STAND ALONE AND MS-DOS DRIVEN 
B INTELLIGENT DEVICE SELECTION 
= SIMPLE OPERATION 
H QUICK FLIP LCC AND SMT ADAPTERS 


+ Wide range of unsealed and sealed models. 
¢ Designed for vapor phase reflow soldering. 
_ e Available in carrier and reel packaging. 


sealed—4 x 4. 5 x 2.8mm. 


SUNRISE ELECTRONICS. INC. 
524 South Vermont Avenue, Glendora, California 91740 
(818) 914-1926 
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N The First and Last Name in Trimmer Capacitors 
134 Fulton Avenue, Garden City Park, NY 11040-5395 
Tel: 516-746-1385 © Fax: 516-746-1396 ¢ Telex: 14-4533 
CIRCLE NO 341 


Introducing New Low Power 
vonage Detectors. The S- cl il 


Programs 2764 
in8sec.27512in 
44 sec 

¥ Reads, copies 


includ 
27513, 270i, 
68764, 68766, 
2804-28256 

¥ Automatically 
uses the fastest recommended algorithm as 
specified on the manfacturer’s data sheets to ensure 
reliable data storage 
Connects 


Features high precision detection tolerances (+2.5%) 
_] Low power consumption (1.0A typical) 
(] Wide operating voltage range (1.0V-15V) 


1 Wide operating temperature ranges (—30°C to +80°C) . FE ee orb CANE on 
The S-807 Series is perfect for applications Y Soheniio Moe: sraghi nex hex space & nary es 
including battery checkers, microprocessor YEE ee oe bicion . Goctiaucdiiecss! 
resetting functions, pagers, car radios and v Toll-free technical support Collates I6- & 32-bit 
more. For additional information contact: . Rie Milvleg gero gee cage J Same day shipment 
Seiko Instruments USA Inc ys. {st9, includes Bl compte cornmenications 


program, user’s manual and two free update coupons 
_ The Engineer's Programmer 


CALL TODAY 800/225-2102 


‘BPhicrosystems 


10681 Haddington, Suite 190, Houston, TX 77043 __ 
713/461-9430 FAX 713/461-7413 


CIRCLE NO 345 


Electronic Components Division 
2990 West Lomita Boulevard 
Torrance, California 90505 
Phone: (213) 517-7770 

Fax: (213) 517-7792 


EJ Seiko Instruments Inc 
CIRCLE NO 344 


‘Passive interface 
coCapture up to 32,000 
Trace Entries 


3 50n sec Event Capture/ 


100n sec Time Stamp 
Resolution 


lm External Trace Trigger 


M-984 isa ionesowce 14 pin CMOS DIP 

that detects S.I.T.s (special information © 

tones), OCC (other common carrier) dial - 
tone (400 Hz), as well as many international 
call progress tones. 


- Single 5V supply © 
 #83.58MHztimebase | 
30 dB dynamic range : 
WM Tri-statable outputs SS 
For more info call: 1-800-426-3926 
(In Washington State: 206-827-9626) - 


TELTCONE’ 


10801-120th Avenue NE, Kirkland, WA 98033 
CIRCLE NO 348 


714/662-1929 FAX Cpaiee2Ans7 


CIRCLE NO 347 


To advertise in Product Mart, call Joanne Dorian, P1B/A63- 6415 — 


EDN October 26, 1989 


295 


FREE 


8 Page Specifying 
Catalog 


Quartz Crystals 
Oscillators 


describing 
E-T-A’s broad line 
of circuit breakers 
which meet 


212-909-5340 


¢ World’s Smallest 

¢ SMT & Thru-hole 
¢10kKHZ-—35 MHz 

- Ceramic & Metal Pkgs 
- Free Catalog 


international 
approvals 
including UL, 
CSA and VDE. 


SmARTWORK® PCB Software. In a fraction of the time hand 
taping requires, you can create double-sided printed-circuit 
boards with smARTWORK and your IBM PC. The program’s 
features include continual design-rule checking, automatic 
pad shaving, a silkscreen, and text for all three layers. 
SmMARTWORK with autorouting is $895 (without, $495) and 
comes with a 30-day money-back guarantee. Credit cards ac- 
cepted. Write or call 


Wintek Corporation E aera 
1801 South Street, Baan IN 47904 Micro Crystal Division/SMH 
(800) 742-6809 or (317) 742-8428 
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2 parallel, 135H 
2 serial, 1 board DATA 1/0 288* Performance 


For Only $1495. 


Please Call Us Today 


Se nuaxuns 


7400 N. Croname Road, Chicago, IL 60648 
Phone 312/647-8303 Fax 312/647-7494 


CIRCLE NO 751 
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Consistency 
is 
key 


A, hy hy fo ho, 


to the power of 
EDN Product Mart 


Qua Tech DSDP-402 for PC-AT 
has two parallel ports, and two 
serial ports for any combination 
of RS-232, 422, and 485 com- 
munication. All ports address 
selectable. Interrupts sharable 
and selectable. 


100% USA 
256K Bytes expandable to 4 Megabytes. Made 


Option Support for Bipolar & PLDs. 

8 32-pin Sockets for GANG/SET Programming. 
Programs EPROMs & EEPROMs to 2048K. 

GANG Options for 40-pin MICROs & 40-pin EPROMs !! 
Stand-alone or Remote Control. 

Parallel Port for Fast Up/Down Load. 

12 Month Warranty & 12 Month FREE Device Updates. 


Call Toll Free 1-800-523-1565 
In Florida: (407) 993-3520 * Fax: (407) 994-3615 
* DATA I/O is a registered trademark of DATA I/O Corporation 


CIRCLE NO 753 


For order info, call: 


1-800-553-1170 


QUA TECH, INC. 
478 E. Exchange Street 
Akron, OH 44304 


CIRCLE NO 752 


C for the 8051 
Compare: 


Benchmark Results —Sample program: 
Eratosthenese sieve Program from BYTE (1/83), 
expanded with I/O and interrupt handling. 


aInoom JE680 Universal 
IC Programmer 


———— ee eee eet econ 
Programs PROMs, EPROMs, EEPROMs, 
PALs, GALs, RALs, EPLDs and PEELs 
JE680 Features: 
* Stand-alone or computer controlled modes w/ 
MS-DOS menu-driven software (included) 
* Parallel and RS232C interface ports 
* Auto-Sense™ of IC insertion 
* Supports/translates between 18 data formats 
* Full functional test on logic devices 
* Over 400 IC definitions in ROM - no personality 
modules needed 
* JEDEC standard supported, accepting input 
from virtually all major software packages 


New! ESD and 
Clean Room Packaging! 


Call BayStat today for data sheets on: 
- Pink Anti-Static Bags 
* ENA™ Amine-Free, Anti-Static Bags 
* Black Conductive Bags 
* Alpha Grid’ Conductive Bags 
* Strato Grey” Static Shielding Bags 
- Type I Barrier Bags 
-Class 100 Clean Room Bags 


Archimedes 
ICC51 MCC51 FRANKLIN 
v2.20A v1.2 C51 v2.1 


* One-Year Warranty 
Listing of over 400 programmable devices 
and 74-page catalog available upon request! 


12sec 
29 sec 
11.45 sec 


5318 bytes 
736 


Compilation time 
Linkage time 
Execution time 
Total code size 


Sieve module 
size 


Call now for your free DEMO disk. 
© FRANKLIN 415/964-3205 
SOFTWARE, INC. 
888 Saratoga Ave. #2 ¢ San Jose, CA 95129 R BayStat Se aoe Eee 
(408) 296-8051 © FAX (408) 296-8061 oe. * Phone (415) 592-8097 » FAX (415) 592-2503 
CIRCLE NO 755 CIRCLE NO 756 CIRCLE NO 757 
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Over 300 stock sizes available. Custom 
bags manufactured to your specifications. 


Jameco Electronics * 1355 Shoreway Road, Belmont CA 94002 


Fast and easy 
Data PEE 


Torque Fas 
File Tr 
Fi ie Name: 107. dat 
Hill 107 


DATA SMOOTHED WITH 
LOW PASS FILTER 


Menu-driven software 
package for your PC 


JUNIOR - $125 

Take, store, retrieve, print data - perfect for Design 
Engineers 

LEVEL 2+ - $549 


Data acquisition plus: experiment control, data analysis. 


The complete package. 
FREE Demo Disk. Money-back guarantee 
Unkel Software in. We 
62 Bridge St. Lexington, MA02173 (617) 861-0181 
CIRCLE NO 758 


EDN 
Product Mart 


Provides 
Consistent 
Results 


=) COMES AIDED 
_ PCB DESIGN 


The ULTImate PCB layout package featuring: 

@ Real-Time Design Rule Check ® Curved and angular traces 
WM Trace Shove and Reroute-While-Move  ™ Full SMT support 

WH Autoroute by window, component or net Ml Powerful placement tools 
@ 32 layer support: blind & buried vias @ Backannotation: pin/gate swap 
Extended memory versions with unlimited design size and 32 bit performance are available 


USA/Canada: ULTImate Technology Corp. © Tel: (408) 4398 944 © Fax: 439-8966 
UK/Ireland: ULTImate Technology (UK) Ltd.@ Tel: (0734) 812030 @ Fax: 815323 
Germany: UL Timate Technology @ Tel: 07031 876028 —@ Fax: 85915 
Int. Headquarters: ULTimate Technology B.V. @ Tel: (+31)2159 - 44424 @ Fax: 43345 


ULTIMATE ASK FOR YOUR FREE DEMO DISK 


See Us At Wescon San Francisco, Booth 1546 
CIRCLE NO 764 


Only a Specialized Manufacturer Could Provide 
Versatile and Economic Products 


Full Line of PQFP Adapters 


» At the prototyping stage, use a PQFP Adapt-A-Board’” 
Extends leads for easy wire wrapping. 

» For emulation, use an Adapt-A-Pod;” like the one shown 
here for an 80386 PQFP package. Just plug and play. 

» For production testing, a Bug Katcher™ turns your PQFP 
into an IC so you can start testing—ASAP. 

» We stock all types of POFP adapters. Quick turnaround 
on custom orders. Free catalog. 


With more than 11 years’ experience in this field, we 
proudly offer you various types of conductive silicone | , 
rubber pads, rubber pads with multicolor and screen 
printing, silicone rubber overlay, rubber pads with 
screen printing on plastic keytops, 0 rings, washers 
inner caps, tubes, etc., and screen printing flexible 
circuit boards. Please contact us for more information. 


GENERAL SILICONES CO. USA 
Duarte 305, Arcadia CA 9 
Tel: (eis) 445- 6036. Telex: ari6189 cil 
Fax: 818-4456084 


Emulation Technology, Inc. 
2368-B Walsh Ave. Santa Clara, CA 95051 

Phone: 408-982-0660 FAX: 408-982-0664 
CIRCLE NO 760 
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-RE= UV ERASER 
WITH DATA 1/0’S 280 
SET PROGRAMMER. 


For $1595 the 280 gives you: 

= 8 sockets for gang/set pregraraming, 

= Support for EPROMs 
and EEPROMs : 
up to 512K, 

= Full after-sale 
Support from 
Data |/O® 

Order a 280 today and set a FREE 

UV eraser —a $40 value. The Datarase || 

erases up to 4 EPROMs in 3 minutes. 


1-800-247-5700 
Ext. 899 


DATA I/O 


Corporation 


New EPROM Programmer 
At $495, Wintek’s Universal EPROM Programmer is a low- 
cost and versatile tool for programming most industry- 
standard EPROMs (2716-27256). Since it can operate with an 
IBM PC, as well as stand-alone, the Programmer is ideal for 
use with PC-based microcomputer development software. 
Credit cards are welcome. 
Wintek Corporation 
1801 South St., Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 
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New AFDPLUS 
Advanced Active Filter Design Software 


% carsors -> left- 108.508 right= 18.808 difference: 9.906 its 
¥ _ ~> upper= 5.888 lower=~-118. 088 difference: 115.888 a 


RF + MICROWAVE 
LINE CARD! 


250,000 PARTS IN STOCK’ 
es OVER $3,000,000 IN INVENTORY/ 
Se nischckig sata ee catia map tania ACTIVE + PASSIVE/DC-50 GHZ 


e Fully Interactive e Menu Driven 

e On Screen Design e Automated Installation (408) 730-0300 (CA) 
& Evaluation e Schematic Display & Print 

e On Screen Editing e Integrated AFDSIM 


Introductory price $850.00 (price effective hbae a (800) 255-6788 
Call for your FREE DEMO DISK (303)-49 or to order 
AFDPLUS send check or purchase order to 920 oceans 


RLM Research PENS TOCK 


P.O. Box 3630 
CIRCLE NO 766 


ye PR, 
Boulder CO 80307-3630 L ® ® 
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C Compiler 
Assembler/Linker 
Remote Debug 
Realtime Kernel 


Z80/64180 Specialists Pauguibitls 


ema © COprocessors 
Proto Board 


Integrated Software/Hardware Targeted 
for Z80/64180 Development on PC/XT/AT 
* C Compiler-Version 2 
(ask for free tech brief) 
Ry * ICEPROM-In Circuit Debugger 
(Cost effective alternative to ICE) 


Assembler/linker (only) $195.00 
In-circuit Emulator $995.00 — 
Source/symbolic debugger $195.00 
Standalone Proto Board (64180uP) $295.00 


VORLD 


Z-World Engineering 


1340 Covell Blvd. Suite 101 
Davis, CA 95616 


(916) 753-3722 
fax: 753-5141 


on = 
PICE Simulation 


7 <xeing ye mreation “Gate Swapping 


Gerber and No pri! 


Attention AutoCAD® Users: 


Unleash your hidden power with 


AutoPCB”™ 


Call Cadisys at (408) 732-1832 
624 E. Evelyn Avenue, Sunnyvale, CA 94086 


CIRCLE NO 770 


Free MSDOS & Mac 
Software Catalog for 
Electronic Engineers 


AC/DC Circuit Analysis e Active and Passive 
Filter Design e Screen/Printer & Pen Plotter 
Graphics for Engineers e LaPlace Transfer 
Function/FFT Analysis e Logic Simulation e 
Root Locus Analysis e CAD/CAE e Digital 
and Analog Signal Processing @ Curve 
Fitting e Statistics e Thermal Analysis e 
Math e Microstrip Design and Analysis e— 
Data Acquisition e VISA & M/C Accepted 


BY Engineering 
Professional Software 
2023 Chicago Ave., Stuite B-13 @ Riverside, CA 92507 


Tel: (714) 781-0252 @ USA. @ TELEX: 6903089864 
CIRCLE NO 773 


298 


EXPRO-40 PC-Based 
Universal Device cs concent 


PC-ADAPTER © DTYPE 
CARD 


37 PINS CABLE 


7 SOFTWARES AVAILABLE FOR 
POPULAR DEVICE PROGRAMMING 
EPROM:NMOS or CMOS EEPROM:2816, 17A, 64A, 256A... 
BPROM: From 32x 8 to 4096 x 8 Bipolar PROM MMI, NS, 
Signetics, Tl, AMD, Motorola, Harris, Cypress MPU 8748: 

8748, 48H, 49H, 41A, 42H, 41AH, 42AH, 48AH, 49AH 

MPU 8751:8751/H, 52/H, 44/H, 51BH, 52BH, C51, C252 

PAL, EPLD, GAL, CMOS PAL: MMI, NS, TI, AMD, Cypress, 

Lattice, 16R8, 20V8, 20L10, 22V10, 22G10, 16V8, 20V8. 
Software update possible for new devices. 


Songtecn International, Inc. 


44061 So. Grimmer Blvd., Fremont, CA 94538 
Tel: (415) 770-9051 _ fax (415) 770-9060 
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Logic Synthesizer 


Now available on IBM PC and SUN 
for your next design of programmable logic, 
random logic or gate arrays. 
# BOOL™ converts a behavioral description of 
combinatorial logic or state machines into 
boolean equations. 


lM Extracts the don't care set from the input 
description for use in minimizing the hardware - 
a feature unique to BOOL which guarantees the 
most optimal implementation. 

B Accepts as input: Behavioral descriptions, state 
machine specifications and boolean equations. 
Supports bus arithmetic, function calls, flow 
control statements, indexed variables and more. 


Hi State of the art minimization algorithms, 
including absolute minimization and Espresso - 
can handle complex designs with thousands of 
product terms. 


Hf Built in simulator. 


30 day money back guarantee. 


BOOL is $390 for the IBMPC, $990 for SUN/3 
For more information, write or call: 


GD Cornell Design Tools, 

761 Cornell Drive, Santa Clara, CA 95051 
Phone: (408) 984-0777 Fax: (408) 748-1826 

CIRCLE NO 771 


PROTOTYPING SOLUTION 


We offer the best quality 
SYNTAX FR-4 prototyping PCB at the best price! 
All from the stock 


™ — @ MULTI-BUS 
aa @ VME-BUS 
SYNTAX @ PC-BUS 
-@ PS-BUS 

e STD-BUS 

@S100-BUS .__ 

eTRANS _ “Please Call Today for Catalog 

BOARD  °Custom Design are Available 
@ UNI BOARD *Dealer program offered 


Manufacturing & Marketing 
MING” : 


Engineering & Products, Inc. 
SE SE 


977 S. Meridien Ave., Alhambra, CA 91803 
Tel: os 8) 570-0058 © Fax: (818) 576-8748 
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INSTANT PRODUCT! 


+ just add software 


Forth control 
computer 


TDS 9090 


_ Powerful 4" x 3" s.b. computer based on the CMOS 


HD6303Y. High-level Forth language. 30 K 
RAM, 16 K RAM/PROM 2K EEPROM. 

Attach keyboard, Icd, 12C peripherals.Built-in 
interrupts, multitasking, watchdog timer, 
editor and assembler. 32 I/O lines,2 RS-232 
ports. 6 - 16 volts operating at 3 ma. Optional 10 
channel, 10 bit A/D, 128K RAM, D/A, date/time 
Clock. Program with PC-compatible. Includes lots of 


_ ready-made software solutions. Made in England. 


Over 3000 in use in Europe for machine control, data 


_ -logging, robotics, factory automation, inspection, 


remote monitoring,etc. 
ONLY $219 (25qty) inc shipping. 


The SAELIG Company 1193 Moseley Rd Victor 


NY 14564 (716) 425-4367 or fax (716) 425-7381 


CIRCLE NO 769 


8051 Emulator - $1250 


dICE is a low cost, Full Speed, real time 8051 
Emulator.. Powerful user interface for Hi-level 
multi-window source code debugging. Uses 
IBM-PC COM1/2. No Slots! Portable, fits in 
shirt pocket. Assembler and test bed included. 


Cybernetic Micro Systems 


Box 3000 e SanGregorio, CA 94074 
(415) 726-3000 e Telex: 910-350-5842 


CIRCLE NO 775 


To advertise in Product Mart, call Joanne Dorian, 212/463- 6415 
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PC BASED 
EMULATORS 


@ Source Level Debug for 
PL/M and’C’ 

@ Source Level trace 

@ Debug with symbols, not 
HEX data 

@ Source Level disassembly 
with in-line assembler 

@ Interchangeable probe 
cards 


Modular 


I/O board 


Single-slot Qua Tech PXB-721 


for PC-AT has 72 digital 1/O @ Up to 128K emulation 

. : memory 

lines. Connect three choices of © 16 MHz real-time 
Call or write for Free demo diskette emulation 


data acquisition modules. 
Supports Labtech Notebook 


For order info, call: 


1-800-553-1170 


@ Up to 4K trace buffer 

@ Performance analyzer 

@ TRUE 8051 Emulation 
including all 1/0 ports, 
idle, power down, DMA, 
and WatchDog timers at 
NO additional cost 

@ Breaks set symbolically 

@ Fully documented 


MetaLink™...Originators of the 

PC Based 8051 Emulator 
We have more 8051 emulators 
than anyone in the world: 


8031, 8051, 8032, 8052, 8344, 8044, 
BOC1S52JA/JB/JC/JD, 83C152JA/JC, 800452, 


Ge QUA TECH BOCSIFA, 80515, 80535, 80512, 80532, 80513, © Serially linked to PC 
80C521, 80C541, 800321, 8053, 80C154, 83C154, @ OEM supplier to 8051 IC 
80C451, 83C451, 800552, 80C562, 800852, manufacturers 

QUA TECH, INC. @ Unlimited FREE technical 


830751, 830752, 800537, CMOS, EPROMs, OTPs 
478 E. Exchange Street -® 
Akron, OH 44304 


= eee b- support 
fis _Mela_ i @ From $1495* 
A A = Corporation 


MetaLink Corporation P.O. Box 1329, Chandler, AZ 85244-1329 
(602)926-0797 FAX: (602)926-1198 TELEX:4998050 MTLNK 


Labtech Notebook is a trademark 
of Laboratories Technologies Corp. 


*Price is U.S. list 


See Us at Wescon ’89 Booth #1526 
CIRCLE NO 777 


CIRCLE NO 776 


INDUSTRIAL CONTROL - DATA ACQUISITION 
for IBM PC/XT/ATs, 386 ATs 


Combine Your 
Product Mart Ads 


e Low Cost A/D-D/A Card 

e 12-bit & 16-bit A/D, D/A, A/D-D/A Cards, uses high quality 
BURR-BROWN, ANALOG DEVICES chips 

e 8255 Industrial Control 

e IEEE 488/GPIB 

e RS-422 boards 

e 4-Serial 1-Parallel Multi-1/O Card 

e Diagnostic/Utility Software, Technical Manual, Sample 

ASSEMBLER/BASIC programs included 


In EDN's Magazine 
and 
News Editions for 
higher impact and a 
lower rate. 


9115 W. Crescent Ave., Suite 221, Anaheim, CA 92801 
Phone: (714) 491-1088 FAX: (714) 491-3517 


SEE US AT WESCON ’89 BOOTH 1330 
CIRCLE NO 780 


@ Programs EE/EPROMs, PALs, GALs, IFLs, EPLDs, MICROs, BIPOLARs. 
Software driven pin drivers. D/A generated programming voltages (8 bit DACs 
used to generate voltages from 5-25V with 0.1 resolution for all 40 pins) 
e Upgradeable for virtually any future programmable devices up to 40 pins. 
e Self subsistent operation. No additional modules or pug adapters required. 
e Includes user friendly MEMORY BUFFER FULL SCREEN EDI 3 
Commands include: Fill, Move, Insert, Delete, Search. ASCII or HEX entry. 
e Friendly Menu-Driven interface. Device selection by P/N and manufacturer. 
e Supports 8/16/32 bit data word formats. 
e Programming algorithm:Normal, Intelligent 1&I1, Quick Pulse Programming. 
@ Verify operation performed at normal & worst case operating voltage 
e Functional test: JEDEC standard functional testing for logic devices. 
TTL Logic functional test for 74xx/S4xx series devices. 
e File formats accepted: JEDEC (full), JEDEC (kernal), Straight Hex, MOS 
Technology, Motorola Hex, Intel Hex, Tektronix Hex. 
e Customer support via voice line, fax & dedicated BBS. Full 1 year warranty. 
e Base price ($395) includes Interface card, cable, Memory device library and 1 


ear free updates.Additional Device Libraries (Logic, Micros, Bipolars) $95ea. 


e Library updates can be received via floppy or Customer Support BBS. 
MC/ VISA/ AMEX Call today for datasheets! 


B&C MICROSYSTEMS INC. 


355 West Olive Ave, Sunnyvale, CA 94086 USA 
TEL:(408)730-5511 FAX: (408)730-5521 


CIRCLE NO 778 


A 


Redel Connectors 


The Plastic Choice 
REDEL Features: 
e Quick Connect-Disconnect Design 
e Autoclaveable PSU Shell Material 
e Lightweight and Compact 
e Temperature & Corrosion Resistant 
e Color Coding and Keying Exclusivity 
e Variety of Shell Styles and Configurations 
e 2-9 Solder or Printed Circuit Contacts 
e Precision Designed and Engineered 
e Cable Assemblies 


Sold and distributed by 
LEMO USA, INC. PO. Box 11488, Santa Rosa, CA 95406 


Phone (707) 578-8811, FAX 707/578-0869, Telex 340-933. 
800-444-LEMO (5366) Please call for the rep nearest you. 


CIRCLE NO 781 


CONNECTION WITHOUT DETECTION 


MULTIBUS™ AT-COMPATIBLE SBC 
Multibus | is now IBM PC/AT™ compatible with MAT286"™ our newest 
single board solution. MAT286 includes all of the functions of a 10 MHz 
AT motherboard, plus 2 serial ports, a parallel port, two SBX expansion- 
module interfaces, up to 512K EPROM/EEPROM/SRAM, and up to 4M 
of parity-checked, dual-ported DRAM. A piggy-back card, MATxSYSIO, 
adds EGA, floppy, and SCSI interfaces. Embed all the guts of an AT, two 
SBX modules, and more, into two Multibus slots! 
Phone (408) 253-0250 or write for more information. 
Single Board Solutions, Inc. 

20045 Stevens Creek Blvd, Cupertino, CA 95014 
Multibus is a registered trademark of Intel Corp. 
MAT286 and MATxSYSIO are trademarks of Single Board Solutions, Inc. 
IBM and PC/AT are trademarks of International Business Machines Corp. 


CIRCLE NO 782 


INVISICON® Controlled Impedance 
Connectors preserve transmission 
signal quality in very high speed/high 
density digital applications. Low 
dielectric constant flex circuit has 
contacts on 10-25 mil pitch. Standard 
51-contact part available. Rogers 
Corp., One Tech. Dr., Rogers, CT 
06263 203/774-9605 


CIRCLE NO 783 


“Best Value” in PCB Design 


Tango™ sets the pace in PC-based circuit board design 
with an easy-to-use, pop-up menu interface and 
powerful features including 1 mil resolution, 
full SMT support, DRC, Gerber and 
PostScript™ output, fast high- 
completion autorouter, and pho- 
toplot previewing. Configure 

your personal PCB design station 
from our selection of entry-level 
and expert tools, starting at 

just $595. 


™ 


LE 


See for yourself why engineers rated 
Tango the “Best Value” in PCB design at CAD 
Showdown ’89. Rich functionality, one year’s 
updates, free tech support and BBS, plus our 30-day 
guarantee. Call today. 


FREE EVALUATION PACKAGE 


800 433-7801 619 554-1000 619 554-1019 Fax 


ACCEL™ Technologies ® 6825 Flanders Drive # San Diego, CA 92121 USA 
International prices may vary. Contact us for the distributor nearest you. 


CIRCLE NO 784 
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EDN October 26, 1989 


Analog Circuit Simulation 


3 Sample.out 
Select a Program te Launch = ; OOOO 5 


3S 
Edit Text Files 
| Ss} Launch SPICE 
PULSE 


NENORY AUAILASLE Se | 4lK 


IsSpice (c> copyright iIntusoft 1085,80 
fin edaptation of UC Berkeley SPICE 20.6 
for use on personal cosputers 


Fralysis of SAMPLE LASER DRIVER 


TRANSIENT ANALYS!$ TIME = 1.000E-08 
UCS> = 1.825E+00 


The only Spice program to run 
SE, SE/S30 and Mac I!) in as lit 
The simulatabie circuit si 
of RAM. Coprocessor ($2 
versions are available. 
($175) which contains exter 
IsSpice netlist editor ICAI 


veces es stored aden 
CIRCLE NO 785 


IBM COMPATIBLE RS232/488 
3¥%2 x 5%" FLOPPY DATA STORAGE 
& TRANSFER SYSTEM 


Information Transfer to/from ‘Non IBM Compatible Systems to/from 
IBM & Compatibles: (Over RS-232 or 488 Interface). 


e Reads & Writes MS DOS Disks 

e RS-232/488 |/0 

e Rugged Portable Package/battery option 

e MS DOS Driver for ‘‘Plug & Run’’ RS-232 
External Operation 

e Baud Rate 110 to 38.4K Baud 

¢ 360K/720K RAM Cartridge Option 

e Price $695 in Singles-OEM Qtys.$350. 

28 other systems with storage from 100K to 42 megabytes. 


ANALOG & DIGITAL PERIPHERALS, INC. 
251 South Mulberry St., Troy, Ohio 45373 
ADPI P.O. Box 499 TWX 810/450-2685 
EEE I EO 


513/339-2241 FAX 513/339-0070 
CIRCLE NO 788 


* IBM PC, PS/2, Macintosh, HP, Sun, DEC 
¢ IEEE device drivers for DOS, UNIX, 
Lotus 1-2-3, VMS, XENIX & Macintosh 
___ * Menu or icon-driven acquisition software 
¢ IEEE analyzers, expanders, extenders, buffers : 
* Analog I/O, digital I/O, RS-232, RS-422, SCSI, 
modem & Centronics converters to IEEE 488 _ 


_ Free Catalog & Demo Disks 
(216) 439-4091 


S 1Otech * 25971 Cannon Rd. + Cleveland. OH 44146 _ 
CIRCLE NO 791 


3 
speed 


STEP MOTOR CONTROL 
27K steps/sec! 16 Million steps! 


New CY545. Rates up to 27K steps/sec, up to 
16 million steps per single motion. Separately 
programmable start rate, accel/decel rate, and 
max rate. Pulse & direction output. External 
jog mode and limit switch detection. Serial or 
parallel interface, LED/LCD & Thumbwheel 
interface lines, and more. ASCII commands. 
Supports 64K external memory. CMOS 40-pin 
DIP. $75 each ($25/1000). Credit Cards OK. 


Cybernetic Micro Systems 


Box 3000, San Gregorio CA 94074 
(415)726-3000 Tix: 910-350-5842 


CIRCLE NO 786 


WEBER 


AS 168 Energy Limiting 
Circuit Breaker 


e Superior Short Circuit Protection 

e Selective Disconnection - No nuisance shutdown 

e Easy Installation with Quick Connect Terminals, 
screw terminals, or DIN Rail Mounting 

¢ Worldwide Approvals, VDE, UL, & CSA 

e Single, Double, Triple, and four pole versions 

e Current Ratings - 0.5 to 50 Amp 

¢ AC rating to 480 and DC rating 120 Volts per pole 

¢ Available with Switched Neutral, Auxiliary and Signal 
contacts 

e Stock available in Connecticut 


Contact: Inmark Corporation, 4 Byington Place 
Norwalk, CT 06850 Telephone: 203-866-8474 
Fax: 203-866-0918 
CIRCLE NO 789 


@programs 
E(E)PROM, 
PAL,EPLD, 
GAL,PEEL,FPL, 
BIPOLAR, 
8748/51 SERIES. 
@tests TTL/CMOS 
D/S RAM. 
$ 545 Complete. (us.onty) 


-programs E(E)PROMs upto 2MBits and 16 Bit wide. 

-16Bit- and 32Bit- WORD SPLIT & 4-GANG adaptor. 
-programs PALs (22V10) from AMD,MML,TI,NS,SSAMSUNG. 
-supports PALASM2/CUPL/ABEL/ORCAD JEDEC files. 
-supports VERIFICATION using TEST VECTORs. 

-programs GALs & FPLs from LATTICE,SGS,NS,SIGNETICS. 
-supports RALs in GAL (16V8,20V8) devices. 

-programs EPLDs from INTEL,ALTERA,ATMEL,CYPRESS. 
programs PEELs from ICT,HYUNDAI,GOULD(253,273). 
-programs BIPOLAR PROMs. 

-programs SINGLECHIPs 8748,8751,87C51 SERIES including 
-87C451,87C751,63701X/Y/V,63705V with adaptors. 

-tests ICs (TTL,CMOS) & MEMORYs (upto IMB) 

-with USER-DEFINABLE TEST PATTERN GENERATION. 
-High-Speed,Parallel Interface & S/W Upgradable for New Parts. 


XELTEK 1-800-541-1975 (Toll Free Order) 
473 SAPENA CT. #26 TEL: (408) 727-6995 


SANTA CLARA, FAX: (408) 727-6996 
CA 95054 COD, VISA,MC,AMEX 


CIRCLE NO 792 


(E)EPROM Multiprogrammer™ 


100% USA 
Made 


DC Model 
Available 


Supports 
(EX)EPROMs 
up to 40-pins. ™ 
Stand-alone or Remote. 
40-pin Micros Opt. 
SET/GANG 4 (E)EPROMs Opt. 

Parallel port for Fast Up/Down Load. 
256K bytes, expandable to 16 megabits. 


In Florida (407) 994-3520 
Fax: (407) 994-3615 


* DATA I/O is a registered trademark of DATA I/O Corporation 


CIRCLE NO 787 


WANT 
ATTENTION 
FROM OVER 

139,000 


ENGINEERING 
SPECIFIERS? 


EDN PRODUCT 


USEFUL 


IEEE-488 “ins 


GC ! 

1755 Osgood St, N. Andover, MA 01845 

L-com Inquiries 508 682-6936 FAX 508 689-9484 
-Lcom Toll Free Ordering 800 343-1455 


CIRCLE NO 793 
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CAREER OPPORTUNITIES 


S : E ie E N S 1989 Editorial Calendar and Planning Guide 


* Issue Recruitment EDN News 
Date Deadline Editorial Emphasis Edition 


Oct. 26 Oct. 5 Test & Measurement 


| a 
Special Issue 
ro ess : O Nn a S ests Computers & Peripherals Closing: Oct. 27 


Nov. 9 Oct. 19 CAE, Integrated Circuits Mailing: Nov. 16 
Siemens Medical Laboratories, Inc., is Nov. 23 Nov. 2 16th Annual pPC Directory, Closing: Nov. 9 
a successful manufacturer of radiation teeta Geo Mabie ee 
therapy equipment. We are are cur- Dec. 7 Nov. 16 Product Showcase — 
rently seeking UNIX Professionals to oo. ae Closing: NOE 
‘ower Supplies ailing: Dec. 14 


join our team environment for a major 


development project Dec. 21 Nov. 30. —_- Product Showcase — 


Volume II, Components 


senior 2 Call today for recruitment advertising information: 
Software Engineers East Coast: Janet O. Penn (201) 228-8610 

In this position you will work in a windowed West Coast: Paula Compton (714) 851-9422 
workstation environment developing applica- National: Roberta Renard (201) 228-8602 


tion code. You must have excellent UNIX and 
C skills. Knowledge of graphics and window- 
ing systems is desired. PHIGS or X, is a 
definite plus. A BS/CS and 3+ years’ related 
experience is required. 


REGIONAL SALES MANAGERS 


Senior MIDWEST REGIO C 

N — CHICAGO BASED 
Systems Integrators SOUTHWEST REGION — DALLAS BASED 
Use your UNIX expertise to plan and direct CALIFORNIA REGION 
integration tasks and schedules. You will be 
responsible for ensuring successful integra- Cahners CAPS is a new, PC-based CD-ROM driven component infor- 
tion of a multi-module project. mation resource product for electronic design engineers from Cahners 


Technical Information Service. 


Knowledge of UNIX (Ultrix preferred), C and 


DEC workstations is required. Experience We are seeking an aggressive, yet personable individual with the re- 


quired sale skills to sell direct, and/or manage a network of manufac- 


with medical applications, an advantage. turer's representatives in regional areas of the United States.. 
Siemens offers an excellent compensation We require a minimum of 5 years successful sales and/or sales sup- 
and benefits package. We are located in port/management experience in a high-tech environment, with pro- 
Concord, with easy access to San Francisco, gven success in motivating and training experienced sales profes- 
the Sierras, and reasonably priced housing. sionals. 


Relocation assistance is available. For 


immediate consideration, please send your The position requires a BSEE and familiarity with Personal Computer 


based equipment and software. Sun workstation experience a plus. 


resume to: 
| Cahners offers an excellent salary and benefits package, including 
Personnel Department company car and a 401K. Please send your resume and salary history 
SIEMENS MEDICAL to: 
LABORATORIES, INC. ie a heal HARMAN Soc 
4040 Nelson Avenue Ce Ber RS ae ay pave ervice 
275 Washington Street 
Concord, CA 94520 Newton, MA 02158-1630 
Attention: Meg McAdam 
We are an equal opportunity employer, M/F/H Computer Aided 


*UNIX is a trademark of AT&T Bell Labs. Product Selection 
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IMPRIMIS 


: oan around the world, disk storage 
products from Imprimis Technology 
Incorporated are frequently preferred and 
specified by OEM suppliers and system 
designers. Imprimis draws on nearly three 
decades of experience in developing and 
manufacturing disk drive storage peripherals. 
Specifically, the Oklahoma City Operations is 
dedicated to the design and manufacture of 
32" and 5%” Rigid Disk Drives. Currently, 
opportunities exist in Oklahoma City in 
the following areas: 


Manufacturing Engineers 
Design Engineers 
Firmware Design Engineers 
Senior Programmer Analyst 
Automation/Tool Design Engineers 
Quality Engineers 
Industrial Engineers 


A minimum of a BS degree in a technical 
field is required. 


Please send resume and salary history in 
confidence to: 


IMPRIMIS 


Imprimis Technology Incorporated 
P.O. Box 12313 
Oklahoma City, OK 73157 


Attn: Professional Staffing 


We Are An Equal Opportunity Employer M/F 
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Electronic Engineers, 
Computer Scientists, 
Aerospace Professionals: 


You’re Needed! 


... at high tech companies in 
New England and 
nationwide. 


Work with 
Computer Science & Engineering 


and enjoy these advantages. 


© Immediate openings in rewarding positions 
® Staffed by technical professionals 

® Salary/benefit negotiations on your behalf 
® Client companies who assume all fees 


Submit your resume in confidence to: 
Computer Science & Engineering 


P.O. Box 1026 / Porter Sq. 
Cambridge, MA 02140 


Electronics 
Professionals 


Sunbelt Nationwide 


Director of Engineering, 
RF.&: Dignals acter eae to $80K 


Director of Wafer Fab, CMOS... to $75K 
Test Engineering Manager, RF . to $65K 


Process Engineers, CMOS 
eS TL | a a Res Sot to $55K 


Product Engineers, CMOS 
Digital yo. 50) te eel to $55K 
Design Engineers, Analog 
Ola: 0 a Oe ee to $60K 
Systems Engineers ......... to $60K 


We are specialists in the placement of 
engineers and engineering executives in 
most disciplines of the electronics in- 
dustry. If you are a qualified engineering 
professional and are interested in explor- 
ing these and/or other opportunities, or 
your company requires our specialized ex- 
pertise, please call or write: 


Jerry L. Alexander 


-O-r-t-U-n-e@’ 
Personnel Consultants 
of Greensboro, N.C., Inc. 


304-B Pomona Drive 
Greensboro, North Carolina 
27407 
Phone: 919-852-4455 
Fax: 919-852-3429 


If you’re looking 
for work, 
just look here. 


Magazine 
Edition 
News 

Edition 
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Compaq has consistently led the 
industry with products that incorporate 


the latest technology.’ 


Add your engineering expertise 
to the team the experts are 
talking about. 


In an industry where one's success depends 
on the ability to produce breakthrough inno- 
vation, Compaq has excelled. Just ask the 
experts. They know our products represent 
some of the most advanced PCs in the world. 

There's a story behind that success: the value 
of our products reflects the personal values of 


f 


—~Business Week 


Our continued success relies on our ability 
to introduce innovative new products to the 
market faster than anyone else. And that takes 
outstanding talent. We have a variety of imme- 
diate opportunities for motivated engineering 
professionals at our Houston world headquar- 
ters. If you're a talented engineer with a desire 
to do what's never been done before, now's 
your chance. 


At Compaq, 


OEM Sustaining Engineers 


As a Compag OEM Sustaining Engineer, 
you'll help support our manufacturing 
operations. You'll troubleshoot and resolve 
peripheral-related issues in conjunction with 
our Design and Quality Engineers. Experience 
with hard, floppy or tape drives, power sup- 
plies, keyboards or monitors is preferred. 


our people. Compag engineers work together 
toward common goals. Their teamwork, crea- 
tivity and commitment, fostered by a free 
and open environment, have made us one of 
the world's leading manufacturers of high- 
performance business PCs. As well as the talk 
of the industry. 


PCB Sustaining Engineers 


Your experience in a high-volume PCB 
manufacturing environment could put you on 
our winning team. You'll troubleshoot and 

develop PCB specifications for new and 
existing products. A thorough knowledge 
of surface mount technology and raw 
boards is essential. 


OEM Vendor Quality 
Engineers 


As a Compag Vendor Quality 
Engineer, you'll help ensure the 
highest standards of quality by provid- 
ing strong supplier relations. You should 
be familiar with vendor selection, SPC 
and JIT. A technical 
background in hard, 
floppy and tape 
drives, keyboards, 
power supplies and 
monitors is essential. 


Talented individuals, 
the Compag team 
creates some of the 
industry's most 
innovative PC 
products. 


innovation begins with skillful insight— 
and results in successes such as the SLT/286. 


Functional Test Engineers 

Help support new product development in 
our dynamic design environment. You should 
be familiar with digital and analog fixture 
design, and knowledgeable in 'C’ and Assem- 
bly languages programming. A background in 
memory board test and familiarity with 286/ 
386-based PCs is preferred. 


In-Circuit Test Engineers 
You'll develop fixtures and diagnostic test 
software for testing 286/386-based PCs. Your 
BSEE should be complemented with three 
years’ related experience. A strong memory 
board test background is desirable. 


Be part of a remarkable team. 
Now's your chance to see what all the talk 
is about. Compaq offers competitive salaries, 
comprehensive benefits and an environment 
that inspires creativity and personal satisfaction. 
If you're interested in one of these opportunities, 
simply submit your resume along with the posi- 
tion for which you wish to be considered to: 
Compag Computer Corporation, 
Dept. EDN10-BY, P.O. Box 692000, 
Houston, Texas 77269-2000. 


©1989 Compaq Computer Corporation. © 1989 Accent Software, Inc. 
All rights reserved. All products are registered trademarks or 
trademarks of their respective manufacturers. 

Compaq is an affirmative action employer, m/f/h/v. 


LOMPAA 
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[*- MEGA 


Life in Utah is... 
(a) chic and cosmopolitan 


i 


quiet and suburban 
simple and rural 


(d) all of the above 


The correct answer, of course, is (d). 
Utah has something for everybody. 
From museums, art galleries and asym- 
phony orchestra to hiking, fishing and 
snow or water skiing, Utah offers an ex- 
citing combination of cosmopolitan con- 
veniences and natural wonders. Add the 
excellent schools, safe neighborhoods 
and affordable housing, and life in Utah 
is hard to beat. 


IOMEGA Corporation would like you to 
have the opportunity to try life in Utah 
for yourself. We’re a leading supplier of 
high performance disk drives and one of 
the foremost electronics firms located in 
Utah. At IOMHGA, manufacturing is 
Synonymous with quality. We hire the 
best to produce the best. We currently 
have openings for: 


SOFTWARE ENGINEERS 


Software and/or firmware engineers 
and technical project leaders needed to 
help with software design and develop- 
ment for Bernoulli Box storage device 
products. The Bernoulli Box line of 
removable mass storage products offers 
high capacity with the reliability and 
performance of hard disks. 


We are looking for a few energetic and 
creative engineers and/or computer 
scientists with experience in software 
development for PCs and workstations 
using C and/or Assembler languages. 
You will work as a part of a product team 
creating high performance products in 
an environment of Total Quality Control 
and Continuous Flow Manufacturing 
and Development. 


Successful candidates will have a BSEE 
or BSCS with three or more years expe- 
rience developing software products for 
use in one or more of the following envi- 
ronments: MS-DOS, OS/2, Xenix/ 
Unix? Novell, and Macintosh. 


IOMEGA offers a challenging, fast 
paced work environment with a dy- 
namic leader in the mass storage indus- 
try along with competitive salaries and 
excellent benefits. Please send resume 
including salary history to: IOMEGA 
Corporation, Professional Staffing R-6, 
1821 West 4000 South, Code—HR-6, 
Roy, Utah 84067. 


Qualified female and minority candidates are 
specifically encouraged to apply. 
Equal Opportunity Employer M/F/H/V 


Professional Profile 


Announcing a new placement service 
for professional engineers! 


To help you advance your career. e Your identity is protected. 
Placement Services, Ltd. has Your resume is carefully 
formed the EDN Career News screened to be sure it will not 
Databank. What is the Databank? It be sent to your company or 
is a computerized system of match- parent organization. 


ing qualified candidates with posi- 
tions that meet the applicant's pro- 
fessional needs and desires. What 
are the advantages of this new 
service? 


e It's absolutely free. There are 
no fees or charges. 


e Your background and career 
objectives will periodically be 
reviewed with you by a PSL 
professional placement person. 

We hope you're happy in your cur- 
rent position. At the same time, 
chances are there is an ideal job 


e The computer never forgets. youd prefer if you knew about it. 
When your type of job comes That's why it makes sense for you 
up, it remembers you're to register with the EDN Career 
qualified. News Databank. To do so. just mail 

e Service is nationwide. You'll the completed form below, along 
be considered for openings with a copy of your resume, to: 
across the U.S. by PSL and Its Placement Services, Ltd.. Inc. 
affiliated offices. 

IDENTITY 
Name 


Home Address 


City 22 es Siig oe ee ee soe 


Home Phone (include area code) iM Tei eRe WE kh 


PRESENT OR MOST RECENT 
EMPLOYER 


Parent Company 


Your division or subsidiary 


Location (City, State) 


Business Phone if OK. to use 


EDUCATION 


Degrees (List)| Major Field 


POSITION DESIRED 


EXPERIENCE 

Present or Most 

Recent Position From To Title 

Duties and Accomplishments Industry of Current Employer 


Reason for Change 


PREVIOUS POSITION 


Job Title 
Employer _.-ss«&Frrom To City 

State 2 Divisions = Type of Industry =< - 
Salary _-__Duties and Accomplishemnts: 


f 


COMPENSATION/PERSONAL 
INFORMATION ‘* (optional) 


Years Experience Salary 


Total 
Compensation 


Date Available 


Commission 


Asking 
Compensation 


Min. 
Compensation 


O lown my home. How long?___ lrent my home/apt.0 


O Employed O Self-Employed © Unemployed 
O Married O Single 
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Innovation 


==? PROPULSION 


TEST ENGINEERS 


We currently have Propulsion Test positions 
available for highly qualified, innovative profes- 
sionals. We're located at the NASA/White Sands 
Test Facility where we're exploring the hazards 
associated with materials and components in 
Space applications. For the following experienced 
individuals, we offer an excellent work environ- 
ment, encourage communication of our findings 
through presentations and publication, and foster 
innovative thinking and excellence. 


Project Engineer/Test Conductor: You will 
assume overall responsibility for a program or 
specific test stand which includes the coordination 
and integration of appropriate support groups. 
You will also participate in system design, includ- 
ing preparation of detailed work schedules, and 
test result documentation while adhering to 
defined budget constraints. As the single point 
of contact, you will direct and control personnel 
and equipment during test operations. You must 
possess the ability to plan major projects and 
lead other engineering and technical personnel. 
Requires a BS degree in Engineering or Science 
with a minimum of 4-6 years’ related experience. 
Hypergolic/cryogenic propellant experience Is a 
definite plus. 


Electrical Engineer (Control Systems): J his 
position requires a BSEE or BSET and 3-5 years 
experience with applications and hardware relat- 
ing to the following areas: Relay ladder logic, 
PLC’s, PAL/PLD devices, PID loop controllers, 
microprocessors, transducers, signal condition- 
ing, and real-time display devices. 


Electrical Engineer (Power/Industrial Controls): 
You must have a BSEE or BSET and 3-5 years 
experience with industrial power applications 
such as lighting, power distribution, motor con- 
trol, and remote control systems. Experience with 
fire protection/detection, hazardous gas detec- 
tion, and warning systems is a plus. You must be 
familiar with explosion proofing and the National 
Electrical Code (NEC) as it applies to hazardous 
environments. 


Qualified applicants, please send your resume 
to Lockheed Engineering & Sciences Company, 
PO. Drawer MM, Las Cruces, NM 88004. 
Lockheed is proud to be an equal opportunity, 
affirmative action employer. 


= Lockheed 


Engineering & Sciences Company 


Giving shape to imagination. 
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Engineers 


Our outstanding engineers 
stand-out by design. 


NCR is uniquely qualified to offer you the vast 
resources you’d expect to find in a $6-billion in- 
novator of computer systems plus something 
that isn’t usually found in large firms: quick 
recognition. Our engineering process manage- 
ment assures that engineers doing superior 
work reap rewards and professional recognition. 
And working in the division which offers one 
of the industry’s broadest lines of PCs, there’s 
ample opportunity for growth. Currently we 
have the following openings: 


ASIC Design Engineer 

Designs/develops application specific ICs from 
specifications through product release. Requires 
a BSEE degree or equivalent and a minimum of 
3+ years’ experience in IC design. Hands-on 
knowledge of CAD/CAE tools and equipment 
desirable. 


CAE Engineer 

Integrates/tests CAE tools for ASIC, board, and 
system design. Requires a BSEE or BSCS degree 
with a minimum of 3+ years’ experience in 
digital simulation, timing analysis, board layout, 
synthesis, ATPG, HDLs and circuit simulation. 


Hardware Design Engineer 
Designs/develops microprocessor-based computer 
electronics. Requires a BSEE degree or equiva- 
lent with a minimum of 3+ years’ design ex- 
perience involving TTL and microprocessors. 
Hands-on knowledge of CAD/CAE equipment 
desirable. Experience in board-level CAD 
simulation a plus. 


Systems Development Engineer 
Designs/integrates systems for high perfor- 
mance workstations. Requires a BSEE degree 
or equivalent with a minimum of 3+years’ 
design experience with microprocessor-based 
system development. 


Power Supply Engineer 

Interacts with vendors during design, develop- 
ment and testing of workstation power supplier. 
Requires a BSEE degree or equivalent and a 
minimum of 2+ years’ experience with power 
supply design. 


Situated inland near Clemson University in the 
beautiful foothills of the Blue Ridge Mountains 
in South Carolina, we offer a generous salary 
and benefits package plus many recreational 
and cultural opportunities. For immediate con- 
sideration, send your resume with salary 
history to: 


Manager, Personnel Resources 
Dept. 82K 

NCR Corporation 

Workstation Products Division 

1150 Anderson Drive, PCD Clemson 
Liberty, SC 29657 


NCR. ..people working together to create value. 


An equal opportunity employer. 
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EDN’s 
CHARTER 


EDN is written for profes- 
sionals in the worldwide elec- 
tronics industry who design, 
or manage the design of, 
products ranging from cir- 
cuits to systems. 


EDN provides accurate, de- 
tailed, and useful information 
about new technologies, 
products, design techniques, 
and careers. 


EDN covers new and devel- 
oping technologies to inform 
its readers of practical de- 
sign matters that will be of 
concern to them at once or 
in the near future. 


EDN covers new products 

¢ that are immediately or 
imminently available for 
purchase 

¢ that have technical data 
specified in enough de- 
tail to permit practical 
application 

¢ for which accurate price 
information is available. 


EDN’s Magazine Edition 
also provides specific ‘how 
to’ design information that 
its readers can use imme- 
diately. From time to time, 
EDN’s technical editors un- 
dertake special ‘“‘hands on’”’ 
engineering projects that 
demonstrate EDN’s commit- 
ment to readers’ needs for 
useful design information. 


EDN’s News Edition also 
provides comprehensive 
analysis and news of tech- 
nology, products, careers, 
and distribution. 


275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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automating 
oduction 


The R&S family of board testers 

from Europe’s biggest test-equipment 
producer with more than 20 years’ 
experience in test systems: 

@ In-circuit Test Station TSI 

@ Combinational Test Station TSIC 
@ Performance Test Station TSP 


A-TSTE 
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CIRCLE NO 204 
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FC-1 
FDD SCSI Interface 
Controller 


The Easy Wai to Make 
Drives Intelligent 


An FC-1, small enough to fit inside a 3.5” FDD, 
has the intelligence to handle device-independent 
control of 3.5 and 5%” FDDs for the host computer. 
At its best with 4MB perpendicular recording 
method drives like the TEAC FD-235J, and equally 
happy with formats down to 0.5MB, it is compact, 
lightweight, and competitively priced. Also offer- 
ing expansibility and reduced host loads, the FC-1 
is ideal for the widest possible range of 
applications. 

TEAC FDDs with built-in FC-1 SCSI controllers, 
including the FD-235HS and FD-235JS, are also FD-235J 


available. CIRCLE NO 205 3.5” Micro Floppy Disk Drive 


PSN a ee 
TEAC CORPORATION 3-7-3 NAKA-CHO, MUSASHINO, TOKYO, JAPAN TEL: (0422)52-5041 TLX: 2822451 FAX: (0422)55-2554 


Hong Kong, Nissei Sangyo Co., Ltd. Hong Kong Branch Tel: 3-343441-6; KARIN ELECTRONIC SUPPLIES CO., LTD. Tel: 3-898252 @Singapore, NISSEI 
ELECTRONICS, LTD. SINGAPORE BRANCH OFFICE Tel: 2357900; UAC SINGAPORE REP. OFFICE Tel: 2922608 EINew Zealand, DATAMATIC 
NETWORKS LIMITED Tel: 09-444-0760 MiAustralia, AWA DISTRIBUTION Tel: 02-888-9000 Indonesia, CHUGAI BOYEKI CO.,LTD. Tel: 370824 
MPhilippines, COMPEX INTERNATIONAL INC. Tel: 213020 Mlindia, Priya Electronics & Chemicals Limited Tel: 2863611 Kuwait, Bader Al Mulla & 
Brothers Co. W.L.L. Tel: 2423250 MUnited Kingdom, TEKDATA LIMITED Tel: 0782 577677; Data Peripherals (UK) Limited Tel: 0785 57050 MIF.R. Germany, 
nbn Elektronik GmbH Tel: 08152/390 MiAustria, nbn Elektronik GmbH Tel: 0316/40 28 05 Netherlands, SIMAC DATA B.V. Tel: 040-582933 HBeigium & 
Luxemburg, SIMAC ELECTRONICS SPRL/BVBA Tel: 02/252.36.90 EFrance, TEKELEC AIRTRONIC S.A. Tel: (1)4534-75-35 Mlltaly, A.E.S.S.E. S.p.A. Tel: 
02/54.64.741 MSpain, ATAIO INSTRUMENTOS S.A. Tel: 733 05 62 Portugal, BASF PORTUGUESA LDA. Tel: (351) 1-562511 liSwitzerland, WENGER 
PERIPHERALS AG Tel: 01/830 75 55 HiDenmark, Dansk Binzer Teknik A/S Tel: 03/66 20 20 HISweden, MACROTEC AB Tel: 08-733 02 20 Norway, 
SCANTELE A/S Tel: (02)65 69 20 MiFinland, INSTRUMENTARIUM CORPORATION Tel: 90-528 4338 

*/f no distributor listed above is in your area, please contact us directly for further details about our products. 
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OSHIBA HIGH-SPEED STATIC RAMs. 


~ You know the problem: 
ee ee 
RAMs just can’t keep up 
- : | with the beanie P pace | 
>= sai jodays CPUs. — 
== It's different with — 
TOSHIBA high-speed static 
RAMs. With a 15 ns access : 
— time, the CPU has no chance 
of drawing away. Infact, you'll 
keep up with wing beats to _ 
a SS ——“— spare! And our wide range — 
It’s no use being fast : pee of high-speed RAMs andlarge — 
ifthe others can’tkeepup.” : : 


production capacity means 

‘that the TOSHIBA “flock” is 

8 always: there, covering just 
os about: every SRAM appli 
cation. SF 
ee ‘ily even higher. Before 


jes 


a Z long, you'll beable to counton | 


= s _ even higher speeds and capa- 
cities up to 288 KBits. Which — 
should give wings to vour 


programmers’ plans. 


Full information about TOSHIBA high- 


CIRCLE NO 206 


‘Speed static RAMs is available from: 
“Toshiba Electronics Europe GmbH, 
Hansaallee 181, D-4000 Diisseldorf a 

West-Germany, Phone: 49 21152960 


0. Box 15031, 516115 Bromma, Sweden, Tel.: (46-0) 8-7040900 - ALCOM Electronics B.V., NL-2808 LJ Capelle/ijssel, Tei.: 00 3110-4 5195 33, ITT MULTicomponents, NL-2722 MA Zoetermeer, Tel.: 00 31-79-410141 _ AXCO GMBH, 
1232 Vienna 12, Tel.. 0043-22261063 D+ D Electronics PVBA, B-2020 Antwerpen, Tel.: 00 32-3-827 7934 - ITT MULTicomponents, B-1080 Brussels, fel.: 0032-2-4232911 - W. MOOR AG, CH-8105 Regensdor?, Tel.: 00 4118406644 © 
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Jay Fraser, Associate Editor 


What do you do when the company you 
founded goes bust? You try again. 


he brief history of the high- 
tech industry in America 
sparkles with success sto- 
ries. We’ve all heard tales about 
people who had a brilliant idea, put 
together a prototype in their base- 
ment, scraped up the money to 
start a company, and today are mil- 
lionaires. : 
But there are other stories not 
told as often. Stories about people 
who started their own companies, 
worked hard, and watched in frus- 
tration as their firms went bank- 
rupt. What would someone whose 
company has expired say to some- 
one who’s considering striking out 
on his own? © 
“I would recommend to anybody 
who wants to start something that 
involves industrial automation to 
give me a call... and I'll throw 
some cold water on him,” says Jim 
Smith with a laugh. He founded Na- 
tional Robotics in 1982, and after 
struggling to keep it alive for six 
years finally had to close it down. 
Smith had a great deal of experi- 
ence in business before he started 
his own firm. After earning his 
BSEE from Pennsylvania State 
University he joined AT&T, where 
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he was involved in strategic facili- 
ties planning. He went on to a 12- 
year career at Westinghouse, even- 
tually becoming manager of mar- 


“Our underbelly is be- 
ing eaten away by our 
offshore competitors, 
and we’re going down 
the tubes.” 


JIM SMITH 


keting development on the group 
level. Next he was general manager 
of international operations for 
Gould Inc, then director of strategic 
planning for Kulicke and Soffa In- 
dustries. At Kulicke and Soffa he 
wrote the business plan that per- 
suaded the company to diversify 
into precision-assembly robotics. 
After that he helped two engineers 
start their own company, United 
States Robots. There they created 
one of the world’s first computer- 
controlled assembly robots. 

At United States Robots, Smith 
was executive director of market- 
ing. He helped raise more than $2 
million in venture capital and 
planned and initiated the company’s 
sales and marketing programs. 
Then he thought if I can do all this 
for someone else, why not for my- 
self? 

“Basically, I’d done just about 
everything in regular corporations, 
and I wanted to take a chance and 
see if I could do my own thing,” 
says Smith. So in 1982, when he 
was 40 years old, he raised some 
money by taking out a mortgage on 
his house and founded National Ro- 
boties Ine. 
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“I saw the need for systems 
rather than robots, and that’s what 
I started, a systems house,” says 
Smith. National Robotics special- 
ized in engineering and integrating 
robots into  flexible-automation 
workstations. 

A year after he founded it, Smith 
moved National Robotics to Lehigh 
University’s (Bethlehem, PA) busi- 
ness incubation center. He was 
their first client. The business 
grew, but very slowly. At one time 
about a dozen people were associ- 
ated with the company as contrac- 
tors or consultants, but none of 
them were full-time employees. 

“The first few years I was trying 
to do a couple of key things. I was 
trying to find a financial backer and 
I was trying to write a business 
plan. I ended up writing seven of 
them,” says Smith. “I got some 
business, but I never got the start- 
up capital I needed. The bottom line 
is I probably tried to start too big 
a company with too little capital. 

“If you look over the past 10 
years at the automation systems 
companies in America, they all have 
a very serious common flaw,” Smith 
continues. “In 100% of the cases 
they’re undercapitalized, and in 
90% of the cases, they don’t have 
a good marketing effort.” 


Concept vs product 


Smith says unequivocally that the 
most important element in starting 
a new company is attracting ade- 
quate financing. “Most people don’t 
realize that people will not invest 
in a concept. They will only invest 
in a product.” 

Smith has written articles and 
given speeches about how he views 
the current state of business in 
America. “Our underbelly is being 
eaten away by our offshore com- 
petitors, and we’re going down the 
tubes,” he says bluntly. “I think the 
biggest problem with business to- 
day is the cost of money. I no longer 
think it’s a problem of management 
not knowing what to do. The cost 
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of capital is four times more for an 
American company than it is for 
our offshore competitors. Whether 
youre in a user side or an OEM or 
a supplier side, the cost of capital 
is killing us.” 

After he closed the doors of Na- 
tional Robotics early in 1988, Smith 
tried to start a cooperative produc- 
tivity improvement center in Phila- 
delphia. But before he could get it 
up and running, the Commonwealth 
of Pennsylvania initiated an $80 mil- 
lion not-for-profit program called 
Industrial Resource Centers, which 
did roughly the same thing as 
Smith’s organization. “So I had to 
shut down my little co-op,” he says. 
“You just can’t compete with the 
government.” 

Smith warns anyone who wants 


“I got tired of fighting 
the same old battles 
and educating one set 
of management teams 
after another.” 


FRED DURR 


to go it alone to be very cautious. 
“There are a lot of people who 
would love to start their own com- 
panies. If they want something se- 
cure, my advice is buy a franchise. 


Forget about developing your own 


brainchild, unless you can do it on © 


the side while you’re working for 
somebody else, so the risk is mini- 
mal.” 

Smith characterizes his experi- 
ence of being in business for himself 
as “99.99% disappointment.” Nev- 
ertheless, he has no intention of giv- 
ing up and going back to work for 
someone else. He continues to de- 
velop new concepts and tries to find 
funding for them. He also hopes 
that someday he’ll be able to revive 
National Robotics. “Believe it or 
not,” he says, “I found one venture 
capitalist in America who believes 
in systems, and he’s requested a 
business plan. So it’s not totally 
dead yet.” 

Ted Durr is a professor of sociol- 
ogy and history at the University 
of Maryland. During the 1970s he 
became interested in how large 
numbers of documents were _ in- 
dexed, stored, and retrieved in li- 
braries and archives. He believed 
there was a better way to do it— 
through a text-based management 
system rather than the usual data- 
based systems. He also believed 
there would be a large number of 
customers for a better system. 

Durr raised a modest amount of 
start-up capital from some private 
investors, and in 1988, along with 
his son Fred, who had recently 
graduated from Johns Hopkins Uni- 
versity (Baltimore, MD), founded 
Automated Information Reference 
Systems Inc (AIRS). Ted Durr was 
the chairman of the board. His son 
was director of product develop- 
ment. They put together the first 
of their management teams. 

The Durrs hired programmers to 
create the software according to 
their ideas and published it on 
floppy disks. But when they tried 
to market it, they found far fewer 
customers than they had expected. 
As Ted Durr says, “It was technol- 
ogy in search of a problem to solve.” 

In addition, competition was 
fierce. Many companies were trying 
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to sell software to libraries and ar- 
chives to control their documents. 
“The market wasn’t big enough at 
that time,” Ted Durr adds. “It still 
hasn’t gotten big enough for all the 
companies that are in it. The early 
’90s is when I see that market ma- 
turing.” 

The slow start by AIRS brought 
pressure from the investors for a 
change in management. New man- 
agement teams were brought in, 
but the situation didn’t improve. 

“It was constant frustration,” 
says Fred Durr. “There were differ- 
ences of opinion between manage- 
ment and the members of the 
board, who were some of the heavy 
investors. There were differences 
between management and the foun- 
ders—my father and I. There were 
even differences among the people 
who were brought in at the same 
time as a management team.” 

Although AIRS did make some 
sales—during its best year it 
brought in about $250,000—it never 
turned a profit. The successive 
management teams were unable to 
solve its problems. 

“I got tired of fighting the same 
old battles and educating one set 
of management teams after another 
to the market realities and the tech- 
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nology problems,” says Fred Durr. 
“T had my own ideas about how to 
make the company successful with 
what kinds of expenditures at what 
times and at what pace the technol- 
ogy needed to grow. But I could 
never seem to get my better 
thoughts across.” 

In 1987 Fred Durr returned all 
his stock to the company, forgave 
his back wages, and formally ended 
his connection to the company. For 
a while he was still involved as a 
consultant, but finally left alto- 
gether. 

AIRS ceased to be an independ- 
ent company in February of 1989. 
A firm named Environmental Re- 
search Information (ERI) had been 
using AIRS’s software and was 
very pleased with it. AIRS by this 
time was deeply in debt, and the 
investors wanted to sell it. ERI’s 
subsidiary, Interactive Support 
Systems (ISS), bought it, and today 
the income it earns is used to pay 
off its creditors. As part of the con- 
ditions of the sale Ted Durr took a 
1-year leave of absence from teach- 
ing to work full time for ISS. 

Ted Durr states concisely what 
he thinks people should do before 
they try to start their own compa- 
nies. “First, make sure there’s a 


“Even though a big 
company offers some 
security, there can be 
problems there, too. 
You can end up being 

squelched.” 


JEFF BULLINGTON 


market. Second, create a business 
plan that will attract adequate fund- 
ing. Third, hire only proven man- 
agement.” He believes the greatest 
danger for people just starting out 
is “the feeling that they can do it 
on their own.” 

After leaving AIRS Fred Durr 
started two new companies. In Sep- 
tember of 1987 he founded Physical 
Dynamics Inc, which tests and 
measures high-temperature super- 
conductive materials. In June of 
1988, he started National Informa- 
tion Services Corp, which publishes 
full-text, bibliographic, and image 
database on Compact Disk-ROM. 

Fred Durr says that despite the 
frustrations and disappointments 
he wasn’t discouraged by his expe- 
riences at AIRS, and he never con- 
sidered going to work for someone 
else.“I guess I’m an entrepreneur 
through and through.” 

Joe Evans and Jeff Bullington 
met when they were officers as- 
signed to the Air Force Weapons 
Laboratory in Albuquerque, NM. 
Evans had earned his BSEE from 
the United States Air Force Acad- 
emy (USAF Academy, CQ) and his 
MSEE from Stanford University 
(Stanford, CA). Bullington received 
his BSEE from Arizona State Uni- 
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versity and his BA in mathematics 
from Washington State University. 

Bullington was working with 
electro-optic materials for high-en- 
ergy laser-beam control systems. 
As Evans recalls, “Jeff was telling 
me about these magic materials 
that he was finding out about that 
had memory. And I said, ’You 
know, if you just took this stuff and 
slapped it down in a set of rows and 
put some columns on top of it, you’d 
have a nonvolatile memory, and it 
would probably be cheaper than dy- 
namic RAM.’ So we decided to see 
how far we could take this.” 

When his enlistment was up a 
short time later, Evans left the Air 
Force. Bullington still had two 
years to serve. They pooled what 
money they had, about $6000, and 
with some small loans from their 
parents, started their own com- 
pany, Krysalis, in September of 
1984. 

In the beginning the company ex- 
isted in Evans’s garage and Bulling- 
ton’s apartment. Approximately a 
year later, they moved to the New 
Mexico Business Innovation Center 
in Albuquerque. Their research 
soon began to yield some very en- 
couraging results. 

“We started from scratch with 
the technology,” says Evans, “and 
we were doing things at Krysalis 
that just hadn’t been done before. 
We had lots of people tell us it 
couldn’t be done, and we turned 
around and did it.” 


The first round of financing 


Evans and Bullington were able 
to produce a film less than 2 pm 
thick, which had excellent ferro- 
electric properties, almost no de- 
fects, and was very strong. The 
next step was to try to join the film 
to silicon. But their start-up money 
was long gone, so they had to go 
out for what they call the first 
round of financing. 

After an intensive search, the 
two men found five different ven- 
ture capitalists willing to invest in 
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Krysalis. They raised a total of 
$4.6 million. The money was abso- 
lutely essential for the continued 


growth of the firm, but Evans’s 


and Bullington’s equity positions 
dropped sharply. They were no 
longer in control of their own com- 
pany. 

Nevertheless, the future looked 
bright. Krysalis now employed 38 
people, and it continued to make 
steady progress in the development 
of the ferroelectric memory Evans 
and Bullington had envisioned. By 
the middle of 1987, the two men 
felt they would be able to put a 
product on the market within a 
year. But to do that they needed a 
great deal of money, at least $20 


“Companies are a finan- 
cial instrument, just 
like junk bonds, and 

they’re treated 
as such.” 


JOE EVANS 


million. In October they set out to 
find new investors. Two weeks 
later, on October 19, the stock mar- 
ket crashed. © 

The sudden tightening of money 
by lenders, following the crash 
wasn’t the only problem facing 
Evans and Bullington. The way 
venture capitalists operated had 
changed considerably during the 
1980s. 

“Venture capital wasn’t really 
venture anymore,” says Evans. 
“Raising money was becoming more 
difficult because the money being 
invested in semiconductor busi- 
nesses just wouldn’t give the kind 
of payoff fast enough that the ven- 
ture-capital community wanted.” 

“Venture capitalists usually talk 
about a home run being a 10-to-1 
return in three to five years,” ex- 
plains Bullington. “If you take two 
years to do your prototype develop- 
ment work, that gives you 12 
months to get your manufacturing 
up and another two years to get 


your 10-to-1 return. If they’ve in- 
vested $20 million, then you have 
to get them $200 million. That’s 
pretty strenuous for any company.” 

“Venture capital is not about 
growing companies,” adds Evans. 
“The companies are a financial in- 
strument, just like junk bonds, and 
they’re treated as such.” 

The two men were never able to 
raise the money they needed. 
Krysalis stalled, then began to 
slide. 

To try to reverse the downward 
trend, both Evans and Bullington 
voluntarily took substantial pay 
cuts. Eventually all employees had 
to take pay cuts. Bullington later 
left the staff and became a consult- 
ant in order to take his salary off 
the books. Nothing helped. Without 
the necessary large influx of capital, 
it was simply a matter of time be- 
fore Krysalis went bankrupt. 

When they founded it, Evans and 
Bullington owned 100% of Krysalis. 
By May of 1988 they owned about 
6%. The board of directors showed 
no signs of wanting to save the firm. 

“It was pretty obvious by then 
that we would have no control over 
our destinies at the company,” says 
Evans. “No control over the return 
on what we had put into it up to 
that time. It just didn’t make sense 
for us to stay.” The two men handed 
in their resignations. 

A few months later, the board 
took Krysalis into Chapter 11 pro- 
ceedings. The plan that was ap- 
proved by the court called for a 
complete reorganization and the 
elimination of all common stock. Af- 
ter complying with the court’s or- 
der, the board moved the entire 
company to Sunnyvale, CA. By the 
time the move was completed, 
Evans and Bullington had already 
started a new company. 

Their new firm, Radiant Tech- 
nologies, is already producing two 
board-level products. One is a mate- 
rials tester for electro-optic and 
solid-state applications for ferro- 
electric thin films. The other is the 
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controls for a contrast-sensitivity 
tester. 

“What we’re doing differently 
this time is to get products out and 
shipped. Good products that will 
bring us a good revenue flow,” says 
Bullington. “We’re also doing con- 
tract research to put food on the 
table and give us enough money to 
pay for our own research. We’re 
trying to avoid the venture-capital 
route.” , 

Even after watching Krysalis slip 
away from them and go bankrupt, 
neither man has given up. “We still 
have a lot of technology locked up 
in us, a lot of creative ideas, and 
we want to get them out there,” 
says Bullington. “Even though a big 
company offers some secutiry, 
there can be problems there, too. 
You can have all these wonderful 
ideas that you’d like to try to de- 
velop and you can end up being 
squelched. So we decided to try 
again.” 

The five people profiled here 
share certain obvious characteris- 
tics—creativity, a willingness to 
take risks, and an appetite for hard 
work. But they also have a common 
way of thinking that may not be 
apparent at first. When their com- 
panies failed, not one of them gave 
up his independence and joined a 
giant corporation, and not one of 
them threw in the towel and ran 
away to the South Seas. They never 
considered those as serious alterna- 
tives, if they thought about them 
at all. After their companies went 
under, they buckled down and 
started new companies. Perhaps 
that’s one of the keys to success. 
If you want to start your own com- 
pany, you should also be prepared 
to start again. 
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LOOKING AHEAD 


_ Automotive market grows 
_ for discrete semiconductors 


Suppliers of discrete semiconduc- 
tors to the automotive industry can 
look forward to sustained market 
growth over the next five years, de- 
spite the electronics trend toward 
- greater integration, according to a 
_ report published by BIS Mackin- 
— tosh (Luton, UK). The automotive 
_ market value for small-signal and 
_ power-discrete semiconductors in 
the US, Europe, and Japan, is ex- 
pected to reach $350 million this 
year. An average annual increase 
of 12% of this figure is predicted 
into the 1990s. By 1995, the figure 
is expected to exceed $700 million. 

The wide use of electronic sys- 
tems in automobiles will over- 
shadow any market erosion caused 
by the emergence of integrated so- 
lutions such as smart-power de- 
vices, custom chips, and multi- 
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SMALL-SIGNAL AND POWER-DISCRETE 
SEMICONDUCTORS 


(PROJECTED VALUES FOR US, JAPANESE, AND 
EUROPEAN AUTOMOTIVE MARKETS) 
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MILLIONS OF DOLLARS 


plexed wiring systems, the report 
states. The biggest growth area for 
discrete semiconductors is in 
power-switching transistors, where 
annual growth could reach 25% by 
1995. 

In Europe, stricter emissions- 
control laws will increase demand 


(SOURCE: BIS MACKINTOSH) 


for power transistors in fuel-injec- 
tor solenoid drives and electronic- 
ignition control modules. In the US, 
power-transistor growth will be 
aided by the increased appearance 
of convenience features, such as 
power seat adjust, suspension con- 
trol, and power window lifts. 


Software market will grow 
to $36 billion by 1993 


User expenditures for software 
products (both applications and sys- 
tems software) will increase to 
$61.1 billion by 1998, according to 
a report published by Input, a 
Mountain View, CA-based market- 
research firm. Expenditures for last 
year were $25.1 billion. 

Expenditures for mainframe-sys- 
tem software will grow by $18.9 bil- 
lion. Figures for minicomputer-sys- 
tem and microcomputer-system 
software are $17.2 billion and $25.0 
billion, respectively. 

The report estimates that the 
software-products market will have 
the largest growth rate of any infor- 
mation-service segment; that is, 
20% over the next five years. Input 
defines the information-services in- 
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dustry as six delivery modes: soft- 
ware products, processing services, 
network services, turnkey/value- 
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(SOURCE: INPUT) 


added-reseller systems,  profes- 
sional services, and systems inte- 
gration. 
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SPECIFICATIONS 


Freq. Range(MHz) 


Insert. Loss (dB) 
10-100MHz 
100-1500MHz 
1500-3000MHz 

lsolation(dB) 
10-100MHz 
100-1500MHz 
1500-3000MHz 

1dB Compression(dBm) 


10-100MHz 
100-1 500MHz 
1500-3000MHz 


VSWR(ON) 

Switching Time (usec) 
(from 50% TTL to 90% RF) 
Oper. Temp.(°C) 

Stor. Temp.(°C) 


Price (10-24) 
(1-9) 
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TOSW-230 
ZSDR-230 
10-3000 

typ. max. 
13 1.9 
#1 19 
1.8 ref 
typ. min. 
60 40 
40 28 
35 22 
typ. min. 
rz 6 

27 19 
30 28 
typ. max. 
Ts 1.6 
typ. max. 
2.0 4.0 
-55 to +100 
-55 to +100 
$39.95 

$89.95 


TOSW-425 
ZSDR-425 
10-2500 

typ. max. 
1.3 ie 4 
14 1.7 
1.8 25 
typ. min. 
60 40 
40 30 
35 22 
typ. min 
17 6 

27 19 
30 28 
typ. max. 
3 1.6 
typ. max. 
2.0 40 
-55 to +100 
-55 to +100 
$59.95 
$109.95 


TH.BUILT-IN DRIVERS 


10 to 3000 


Now, high-speed, high-isolation switches with 

built-in drivers, tough enough to pass stringent 
MIL-STD-202 tests. There’s no longer any need to hassle 
with the complexities of designing a TTL driver interface and 
then adding yet another component to your subsystem... it’s 
already included in a rugged, low-cost, compact assembly. 
Available in the popular hermetically-sealed 

TO-8 package or a small EMl-shielded metal connectorized 
case, these tiny PIN-diode reflective switches, complete 

with driver, can operate over a 10 to 3000MHz span with a fast 
2uUSeC Switching speed. 

Despite their small size, these units offer 

isolation as high as 40dB(typ), insertion loss of only 1.1dB(typ), 
and a 1dB compression point of +27dBm over most of the 
frequency range. All models are TTL-compatible and operate from 
a dc supply voltage of 4.5 to 5.5 V with 1.8mA quiescent current. 
Switch to Mini-Circuits for highest quality 
innovative products...and leave the driving to us. 


finding new ways ... 
setting higher standards 


[ Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


WE ACCEPT AMERICAN EXPRESS 
F126 REV.A 


CIRCLE NO 207 


Introducing the [R2110 
ugh-voltage, bridge driver. LEVE 
lhe high side and 
helowside. vec 
Without the = 4!N 
Jown side. cl IN 

Itworks |~ 
off-line, any- 


where worldwide. Inputsare LSTTL Allat frequencies well above 1MHz! 


and CMOS compatible. With two 
ndependently controlled outputs 
to drive upper/lower HEXFET™ 


This 1s powertu 
stuff. Each output 


can drive up to 2A. 
With its dv/dt 


TO LOAD immunity 
making it 
almost inde- 
“com structible. 


Of course you wont be needing 
transformers, optical isolation or 
60% of your drive components. 


and IGBT power supply and motor That’s the beauty and simplicity of 


control circuits. 


this 500V bridge driver. Just adda 


CIRCLE NO 208 


diode, a resistor, a capacitor and 
the design’s complete. 

The IR Revolution has reached 
the bridge. The bridge between 
control and power. 

Cross over. Call us at (213 
607-8899 and ask about the 
[R2110 Bridge Driver. 
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TOR INTERNATIONAL RECT IFIER 
233 Kansas Street, El Segundo, CA 90245 


A close look at most PLD design 


software reveals disturbing dead-ends. 


Unsupported devices, limited design 
entry methods, inefficient optimiza- 
tion, and lack of testability analysis can 
Stop the design process cold. 

Data |/O® gives you powerful PLD 
design software that outperforms the 
competition in every category. And 
we Can prove It. 


MORE DEVICES SUPPORTED. Data |/O 
Supports more PROMS, traditional - 
PLDs, complex PLDs, and FPGAs. 
Our device coverage includes every 
semiconductor manufacturer on the 
market and more than 200 different 
device architectures. 


MORE DESIGN ENTRY METHODS. Enter 
your design using any combination 

of high-level logic equations, truth 
tables, state machines, or schematics. 
Only Data I/O offers true high-level 
design entry. 


DON’T GET CORNERED BY 
LIMITED PLD DESIGN SOFTWARE. 


Seem 


nee 


Data /0 supports more computing platforms including | 
286-and 386-based PCs, Sun & Apollo workstations, 
VAXs and Apples. 


MORE LEVELS OF VERIFICATION. 
Behavioral verification checks the cir- 
Cult’s function as you design. After 
synthesis, partitioning and PLD selec- 
tion, structural verification provides 
full debugging of every fuse, node 
and pin. 


MORE EFFICIENT OPTIMIZATION. Pro- 
duce more compact, efficient designs 
with multiple levels of reduction — 
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Data 1/O Japan Sumitomoseimei Higashishinbashi Bidg., 8F, 2-1-7, Higashi-Shinbashi, Minato-Ku, Tokyo 105, Japan 


(03) 432-6991/ Telex 2522685 DATAIO J 
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optimized for each device architec- 
ture —and automatic factoring. 


FULL TESTABILITY ANALYSIS. Using 
fault grading techniques, our tools 
analyze the testability of your circuit 
and identify untestable portions. They 
also automatically generate test vec- 
tors to provide the best fault coverage 
possible. 


MORE OUTPUT FORMATS. Our tools 
generate output for PROMs, PLDs, 
and FPGAs. We can provide pinlists, 
netlists, Berkeley PLA files, and sche- 
matics — whatever output you need 
for the technology you're using. 


MAKE US PROVE IT. Data |/O has the 
world’s most powerful PLD design 
tools. Call today and make us prove it. 


1-800-247-5700 
Ext. 399 
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